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^.2l-a^ PREFACE 

ThU book was made necesaaiy by a radical change, several years 
ago, in the introductory course in sodlogy at the University of Michi- 
gan. When the disfunction of animal types in the laboratory was re- 
placed by exorrises bearing on the larger questions and fundamental 
principles of biology, a textbook treating almost exclusively of the 
morphology of representatives of the phyla, classes and orders was 
obviously of small use. In the absence of any text which appeared 
to fit thn new departure, a book was provided in temporary form by 
the organizers of the course. Until now the temporary volume has 
sufficed. 

Were a textbook baned on pmu useful only in a course whose 
labuiJitory exercises were altio ba.so<l on jjiinciples, the authors would 
not now feel impolKd to make the volume available to others. They 
have accepted, however, the ju(l^:iuent of other biologists who find 
that even in courses in which typ<\s ;uo dissected in the hiboratory, 
the textbook should deal largel}' with biological principles, and with 
classification and the morphology of types only as these subjects fit 
themselves into the principles of the science as a whole. The best 
teachers have, in fact, long been presenting to their students much of 
the material of this book in lectures and recitations. In the hope 
that a textbook based on principles will be thought better than those 
now commonly in use, even for courses which retun the dissection of 
types in the laboratory, this volume is presented to the teachers of 
sodlogy and biology. 

It is believed, furthermore, that the general reader will find in its 
pages much that is of interest. Illustrations have been selected with a 
view to making the book inU lligihie, not only to college students, but 
to persons who are not pursuing laboratory work. The authors have 
made no attempt to write in popular style for the benefit of such readers, 
but have endeavored to make the exposition clear and in the main 
specific. They prefer to believe that the general reader is willing to 
labor for his acquisitions so long as his effort promises to yield com- 
mensurate results. 

Advice and crit icism have been freely ask(Hl and given in the prepara- 
tion of many of tiie chapters. The authors desire to mention in par- 
ticular Professors H. li. Bartlett nnd J. F. Shepanl, Dr. L. \ . Heilbrunn, 
Dr. O. M. Cope, Dr. P. 0. Okkeiberg and Margaret B. ShuU. 

A. Franklin Suull. 

February, 1990. 
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nUNCirLES OF 

ANIMAL BIOLOGY 

CHAPTER I 

mXRODUCTION 

Zodlogy is the science of animals. This definition is brief and per- 
haps vague, but it is doubtful whether it can be improved upon without 
lengthy exphinations. This was the definition centuries ago, when 
sodlogy was almost exclusively the classification and naming of animals. 
Since that time there has arisen a vast body of doctrine concerning 
modes of life, life processes, inter-relations of animals, development, 
distribution, and descent, most of which has little direct bearing upon 
classification. In many cases the principles involved are identical, or 
very similar, in both plants and animals, and the term biology is used 
to designate them. For this reason, some have preferred to call the 
science that embraces the body of fundamental doctrine just mentioned, 
as applied to animals, Animal Biology. The latter name appears to con- 
voy loss of tho idea of classification, and more of principles, than does 
the U'rrii zoology. In the last half century, however, dassKication of 
animals has come to be founded upon principles as basic as those iiiiiii r- 
Ijring the other branches of the science. It is a matter of slight impor- 
tance, therefore, which name is adopt^^d. 

The definition of zoology given al)OVc, as will l)e readily understood 
from the brief li.st of subject^s which it luus come to include, must 1h' in- 
terpreted broadly. Anything that has to do with animals ih purl of 
zoology. A definition that conveyed to the uninitiated an adequate con- 
ception of the content of the science would be indeed voluminous. This 
book is one long definition of soGlogy. Without waiting, however, for 
the hst chapter, it will be useful to attain a perspective at the very out- 
set by stating in general but concrete terms what the science of sodlogy 
comprises. 

Mofphology.— The structure of animals has been until recently the 
chief interest of a large majority of zoologists. The branch of sodlogy 
dealing with structure is celled morphology. Gross form of the body 
as a whole, the structure of its parts or organs or systems of organs, the 
structure of the tissues that make up the organs or bind them togt^ther, 
the structure of the units or cells which compose the tissues, and the 
structure of the minute components of the cells, are all included in mor- 

1 
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phology. The atruotiire of embryos, or developmental Binges, of animals 
k as much morphology as is the structure of adults. Various names, 
such as anatomy, histology, cytology, and embryology, have been given 
to the departments of morphology. They differ from one another in 
the size and nature or stage of the objects with which they deal, but all 
are primarily concerned with form and structure. 

Anatomy which is the science of structure was at first concerned with 
the grosser structures of animals, those that were visible to the unaided 
eye, such as the divisions of the brain, the spinal cord, and the lai^r 
nerves and ganglia, the stomach and intesfinc and tho larger glands 
and ducts in connec^tion with tiieni, the chanilnTS of the heart ami 
the arteries and veins, the individual bon<^s of the skeleton, and so 
on. As aids to dissection gradually came into use, however, more and 
more nimute struetureH were studied under the name of anatomy, so that 
today the anat^imist considers nothing Ick) niinut<> to fall within his 
province. In practice, nevertheless, certain phases of morphology are 
still usually designated by other names. 

Thus histology deals with the grouping of cells of a given kind into 
masses or layers called tissues. The epidermis of the skin is composed 
of cells of the same general kind grouped together; it is therefore a tissue. 
Muscle and bone are tissues, as are also tendons, many glands, and the 
components of the nervous system. Cytology, contrariwisei is concerned 
with the minute components of cells, the parts of the nucleus, the minute 
structure of the living matter, the nature of cell organs, and the like. 
EmhrjfoUtfnf has to do with the young or developmental stages of 
animals. When it is purely descriptive, dealing only with the structures 
of these young stages, not with the processes going on in them, it is 
morphological in its nature. 

In creating subdivisions of sodlog>',the several morphological branches 
mentioned in the preceding paragraphs have occasionally been elevated 
to equal rank with the divisions described below; but since they do not ' 
differ in principle, all being concerned with structure, it seems better to 
combine all of them under the single head, morphology. Morphology 
is historically the oldest of the divisions of zoology, since in early times 
practically all that was known of animals was their structure. 

Physiology. — The functions of organs, ti.ssues. and cells, the processes 
carried on in them, are the subject matter of physiology. Not only the 
more obvious functions, such as digestion, circulation, and respiration, 
but the obscure chemical reactions involved in growth and repair, belong 
in this field. The conduction of mrve impulses, the origin of acts of 
will, the; i)rt)(.i'sses of thought, the Ix^havior of animals under given con- 
ditions, all are the subject matter of physiology. Ordinarily one thinks 
' of those processes which maintain the animal, get and prepare its food, 
secure a supply of energy, control repair and growth, or eliminate waste 
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as being physiology. There is another aspect of the subject, however, 
which is not leas fundamental, but of a cfifferent nature. The processes 
of development in embryos are included in this branch of sodlogy. The 
events which initiate the division of an egg, control the folding of cell 
layers, direct the migration of cells, and govern differential rates of growth 
in a developing embryo are physiological processes. Embryology thus 
has a ph3rsioIogicaI aspect, as well as a purely morphological one. 

Physiology is also a very old branch of zoology although the subject 
remained in a crude state long after morphology, particularly the mor- 
pholo^ of the hi{^r mammals including man, had become fairly 
definite. 

Ecology. — This branch of zoology has to do with the relations of 
animals to their environment. These relations may be manifold. The 
necessity for getting food puts an aninial into relation to the things 
about it. Its method of locomotion i< intimately related to the medium 
in which it hves. The presence oi ( im niies and comix-titors is an almost 
universal condition of life. The possibilities of rearing young are im- 
portant in every animal's environment. The very behavior of an 
organism especially in lower forms of life, as is pointed out in a later 
chapter, is dependent upun liie nature of the surroundings, so that a 
minute change in the environment may completely reverse the organ- 
ism's behavior. 

Very often the study of ecology takes the form of determining the 
factors which govern an animal's choice of habUat, or place of abode. 
Animals of any species are found only or chiefly in certain types of en- 
vironment, depending partiy upon their structure and partiy upon their 
physiological requirements. (Hten, also, their occurrence in a given 
environment is dependent on the presBice of certain other animals. The 
factors which induce, or force, an organism to seek an aerial, aquatic, 
tcrresttial, or subterranean abode are often quite obscure. One animal 
must have a pond, rather than a stream, and not all ponds are equally 
good; nor is every part of the same pond a suitable place. The reasons 
for these requirements are partiy to be found in the animal, partly in 
the surroundings; or, more correctly stated, in the relations existing 
between the factors within the animal and fliose external to it. Thus, 
ecology involves much that is morphology and physioloijv, Init only in 
80 far as structure and function ri'late the organism to other tilings about 
it. It is the work of the ecologist to discover the structure and functions 
of an animal which are of significance in such relations, the features 
of the environment to which they are related, and the nature of the 
relation between them. Although every hunter, trapper or collector of 
animals has long been a practical ecologist, scientific work of tliih kind lias 
only in comparatively recent years seriously occupied the minds of any 
considerable numlier of zoologists. 
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Zoogeography. — The geographical distribution of animals, or zoogeog- 
raphy, is in some respects closely related to ecolog}'. It deals with 
distribatum, as does ecology, but in a mttdi wider Benae. It is concerned 
with regions, rather than kinds of environment. The regional distri- 
bution of a species is limited by the distribution of environments suitable 
for it, but no species of animal occupies all the regions of the world where 
the environment is right. Kangaroos^ to cite a striking example, are 
found only in the Australian region, although many other places on the 
earth have a temperature, humidity, and other features very similar to 
those of Australia. Pipesumably kangaroos could live in most of these 
similar regions if introduced into them, but they arc not there. On the 
contiBiy, rabbits were entirely wanting in Australia until taken there 
by man, since which time they have become, like the English sparrow 
when introduced into America, almost a scourge. The failure of a species 
to occupy a rcpion in which the t'onditions of life are suitable for it usually 
moans that it has hcon unable to reach tliat ro^inn, and this inabihty 
may have been due to the present tujxigraphy of tli(> region, to its geo- 
logical history, or to the place of origin of the species. Thus, while 
zoogeography involves suitability of environment (ecology), it is also- 
concerned with historical factors. 

Paleontology. — In paleoniohxjy the zoologist studies the animals of 
the past. Parts of these ancient animals are preserved as fo. sils in the 
sedimenlai \ rocks. The relative age of the fossils is deterniuu d from 
the relative depth of the rock strata in which they occur. The vast 
majority of animals, perhaps all of them, living on the earth in these early 
times were of different species from those alive today. Though there 
are numerous similarities, only a very few foBsU animals were practically 
identical with living ones and the similarity of even these few must be 
stated with some reserve. Moreover, the deeper fossils arc quite differ- 
ent from those in the upper layers. Past ages on earth were thus marked 
by very different groups of living beings. All of the problems which exist 
for animals today presumably existed for those of the past. Those ani- 
mals had structure and functions, they were related to the environment, 
and they wore distributed over the earth in various ways. 

There is thus a zoology of the past just as there is a zoology of the 
present. The pnli^ontologist is limited, however, in his study of ancient 
animals to what can be discovered from their remains. He is unable to 
experiment upon his subjects, nor can he rear them in his laboratory. It 
thus happ<^ns thfjt paleontology is mostly concerned witii structure and 
classification of tus^sil animals, and with tluMr distribution in space and in 
time. Other things can be inferred concerning tiiem such as their mode of 
life, the reasons for their migrations, or their relation to the onvironment, 
and such inferences are of mucli or little value ac<"ording to the nature of 
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the evidence which supports them. PalcoDtology is thus a limited sort 

of zoology. 

In addition to the above features, which concern the past animals 

themsplvcs, the paleontologist deals also with the relation of those animals 
to the animals of toHay. Whether the early beings were the ancestors of 
the ones now on earth, and if so, the probable lino?? of drsrfnt; what be- 
came of th(> t xtinrt ppfrips and what brought about IIk ir extinction; 
what determined the succesbidn of animals to the present time; these and 
similar questions of an evolutionary bearing are in the domain of 
paleontology. 

Taxonomy. — The classification of anitnals, with the principles on 
which it rests, is known as taxonomy. As is pointed out later, classifica- 
tion is based on relationship, nearly related animals being placed together 
in the same group. This relationship is discovered from similarity of 
Btructttie, from faets of distribution, or from the existence of certain 
fossils. A group in which the members are very dosely related is apt to 
be a small one. Such a group can nearly always be shown to have certain 
Bimilaritaee to one or more other groups which indicate that they are 
* related to each other. The small groups are thus combined into a larger 
group of a higher rank, the component smaU groups still being distin- 
guished from one another. A so^ogist whose chief interest is the classic 
fication of animals is usually caUed a systematic zoologist. Ordinarily 
it is possible for one person to be familiar with the minute details of 
classification in only one group, or in a few groups, not in the whole animal 
kingdom. One who knows the birds thoroughly may be unqualified to 
classify reptiles or fishes. A student of insects usually knows insects of 
al! groups in a general way, but can arrange in detail the members of 
only one order, for rxrunpln, the butterfiies and moths. As a nilo 
zo6l()p:iHts have various interests, nnd are called by different ^lames. 
The student of birds is an ornitf^olugist; of the insects, an enfomologist; 
of the reptiles, a herpetohgist. Systematic zoologists may ap{)ear to 
have little in conunoii, but if their work is well done, it rests in every 
case upon the relationship beheved to exist among the animals of their 
special groups. That is, they are taxonoiaists. Althougli, as stated, 
one person can usually master the details of classification in only a small 
part of the animal kingdom, it is not a difficult task to learn the main 
divisions of aU the principal groups of animals, and to be able to place 
almost any animal at sight in its proper group. 

Bvoiutloii means the gradual or sudden change of animals through 
successive generations. Animals of today are not like those of a few 
million years ago, as is clearly proven by fossils. Since present-day 
animals must have descended from ancient forms, somewhere in the inter- 
vening generations offspring must have been unlike their parents. The 
difference may have been small or large, and may have occurred at fre- 



Digrtized by Google 



6 



PRINCIPLES OF ANIMAL BIOLOGY 



quent intervals or rarely. Supporting evidence of such changes is found 
io nearly every brajich of zoolof^y. Paleontology furnishes such evicience 
in the differences between aniuuils of successive geological periods. 
Many facts of liiaiiibutujii are readily explained only by assuming evolu- 
tion. The study of morphology and physiology by revealing similr-rities 
between different animals, indicates their relationship through a com- 
tnon origin, and the whole sdenoe of taxonomy has its basis in change 
with descent. More of the details of this evidence are pointed out in later 
chapters. Evolution is not, then, an isolated science, but is closely bound 
up with morphology, physiology, taxonomy, soSgeography, and pale- 
ontology; for in each of these fields valuable evidence of evolution is found, 
and the explanation of evolution and evidence of the course which it 
has taken are important parts of them all. 

Summary and Comptfison. — The seven fields of knowledge deacribed 
in the foregoing'paragraphs may be called the zoological sciences. E\ ery 
fact of zoology may be referred to one or another of these subjects. They 
are not wholly distinct from one another, however, for not infrequently 
a single fact belongB to two or more of the sciences. That is, the fields 
overlap. The merging of evolution into the other problems of paleon- 
tology, zoogeography, taxonomy, and othrrs has Ixtti pointed out. 
Ecology may very largely deal with physiolf >e;i r ; 1 1 relations. Phj-siological 
facts are in most instances also morpholo^^n al ones, since it is usually 
difficult to separate functions from tiie structures in wliich they are mani- 
fested. This overlapping and the merging of one subject into another, 
far from being confusing, is eloquent testimony of the unity of the whole 
field of zoology. There is also a uiiily of zoology and botany, which 
is the science of plants, for in botany the same seven sulaiu isions 
exist. There is a morphology, a ta.xonomy, an ecology, and an evo- 
lution of plants; and but for the immobiUty of most plants and the 
differences in their modes of life, the principles involved are largely 
the same as for animals. Paleontology and sodgeography have their 
counterparts in botany, but the study of fossil plants is often- called 
paleobotany while the science of plant distribution is named phyto- 
geography. This book, being a general discussion, will contain elemen- 
tary facts and principles from each of the branches of the science. The 
student will find it a useful exercise, as he reads its pages, or discovers 
new things in the laboratory, to stop and reflect which of the divisions 
of zodlogy he is for the moment studying. 

Although zoology of today comprises the seven sciences mentioned 
above, it would be a mistake to suppose that it has always been so in- 
fdusive. Some of the branches are much older than others. Morphol- 
ogy, as has been stated, is very ancient, whWv ecology is a mere infant. 
Physiology has In-en known for crnturic;', while the contemplation of 
evolution has been common lor but sixty years. Zodlogy, then, has a 
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history; and a knowledge of this history is as useful in accounting for its 
present oontent and tcndoncios, as is the history of a DaUon in under- 
standing its present institutions and policies. 

Conditions of Early Biology. — One who reads of the early ideas re- 
garding annuals is apt to ruiiclude, unless warned in advance, that the 
science of zoology was much better developed among the early philoso- 
pliers than it really was. The list of early writers who published bio- 
logical doctrines is a long one, and unless it is pointed out that many of 
these doctrines were but a very small part of the works in which they were 
contained, and that the authors were often chiefly intert^sted in religion, 
or theology, or astronomy, with their biological concern largely incidental, 
an exaggerated idea of their importance may be gained. When to this 
eonsideration is added the fact that these writings were often baaed, not 
upon observation or experimenti but upon speculation, anecdotes, rumor, 
or superstition, conservatism in appraising eariy sodlogy is more than 
ever necessary. 

Although the ancient knowledge of animals was of little value in 
comparison with the lodlogy of today, the early students of the science 
should be regarded with lenience. Their advantages were meager. 
They could not be taught the subject, for they were pioneers. A soplio- 
more now may know more about animals than did Aristotle, ev^ though 
in intellect he would appear* beside Aristotle,a8 a candle to the sun. Nor 
could the pionem easily remedy their benighted eonditioni since the 
absence of microscopes and other equipment closed to them many of the 
doors of investigation that are, open now even to elementary students. 
Hence, while recognizing that ancient zoology was a very inferior scic^nce, 
as judged by modern standards, the early zoologists nmst nut be too 
harshly criticized. As will be seen, the best of them nrc to l>e credited 
with accomplishments which, in view of their handicaps, were truly 
remarkable. ^ 

T hg.^ S arl^ Greek s. — The earliest zoological w-ritings that are known 
were produced by the CJreeks. It is certain that these were not the ear- 
liest works, since they contain references to the "ancients," but they are 
the earliest that have been preserved. The earUest writers can hardly 
be called sodlogists. Often they were distinctly something else, even 
poets, and their shortcomings in biology need occasion no surprise. The 
early Greeks were inclined to the dfidufitiye nuoh^. They reached a 
conclusion quickly, with little evidence to support it, and then applied 
their generalisation to discover what other things ought to be true. 
Naturally, if the generalisation was incorrect, and it was likely to be 
incorrect, its application led to fallacies. 

SiuTounded as Greece is by warm waters, teeming with life, the 
country furnished abundant material for observation of animals. Some 
Advantage was taken of this opportunity, or Greek writers would hardly 
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have coiicrriieil themselves witli biology so nineli in rHlvancc of other 
pooplos. But tho Cireeks were of a philosophical bent, they prefi m cl 
thcorizinp: to the prosaic eollortion of facts. The origin of thii us in 
nature was particularly fiuscinating. Thales, an astronomer, eoneeixed 
all life iu iiave originated in the oeean, an idea that has its sup|>orter« 
today. Anaximander supposed that living liuugs went; lirst produced 
by the drying crust of the earth, which had been in a liquid state; and 
curiously enough, man was held to be the first of these products. He also 
believed that animalsi of the kinds we know today, are produced out of 
inorganic matter, as eels from mud. This doctrine of the origin of living 
from non-living matter, known as oftto^eneaM, washeld for centuries in the 
crude form adopted by the Greeks, but has been long since disproven 
and abandoned. Fossils were recognised as animal remains by Xeno* 
phanes, who correctly inferred from them that water once covered the 
land. Empedodes made some observations on embryonic development, 
the earliest ones, indeed, that are recorded. He also evolved a theory 
of the origin of animals, according to which heads, arms, trunks, necks, 
eyea, etc., were formed separately, and were kept apart at first through 
the force of hate. Then love triumphed, he supposed, and these parts 
began to combine. The combinations were purely fortuitous, and most 
of them worn incapable of maintaining themselves. OtheTs were more 
fortun:ite, and formefl th<» animals now found on enrth Empedocles 
thus enunciated a crude form of theory of the survival of the fittest. 

The Greek writers so far mentioni'd all lived In, or prior' to, the fifth 
centiirv bcjfort; Christ. Their ideaa were a curious mixture of truth and 
error, inostly the latter. A few have proven correct, or at least still 
have some support. But it can hardly be too st rongly stated that these 
earliest notions, even when correct, were often not necessary deductions 
from observed facts, but happy conjectures. 

Aristotle.^ — One of the Greek philosophers stands out in high relief, 
by reason of his correct methods and superior accomplishpients. This 
was AtistoUe, who lived in the fourth century before Christ. A portrait 
of him is given in Fig. 1. Aristotle was a man of high intellect and 
one of the greatest philosophers of ancient times. He .was a pupil of 
Plato, and the teacher of Alexander the Great. Uke other scholars of 
his time, he dealt with a great range of subjects and published himdreds 
of works, many of which are lost. He wrote treatises on philosophy, 
psychology, metaphysics, rhetoric and politics, but assumed the r61c 
of leader most distinctly in natural history. If one were to judge 
Aristotle by present standards the great philosopher might seem less 
notable, but it must be remembered tliat he was a pioneer, and that he 
lived at a period in the development of science when errors and crudities 
were to l)e expected. However, he recognized the things of importance 
and he adopted the right method in tsying to advance knowledge. He 
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appealed directly to nature for his facts, and founded his natural history 
only on observation. Far less is to be said of his successors, as will 
appear later. 

The works of Aristotle contain a number of errors which seem now to 
be rather obvious. But his insistence on the inductive method, which 
is today the method of laboratory sciences, far outweighed his occasional 
failures to use that method properly. He obtained his facts at first hand. 
Had his errors been twice as numerous as they were, Aristotle would 
still be the heroic figure of the Greek period of learning, in the field of 
zoology, because he declined to accept authority, except the authority 
of nature itself. 




Fio. 1— Aristotle, 3S4-322 B. C. (From HekUr'a Greek and Roman PortraiU. G. P. 

Putnam's Sons.) 

Unfortunately Aristotle represents the greatest development of 
zoology until comparatively recent times. No subsequent naturalist 
of note arose in Greece. It is to Rome that one must turn for the next 
famous zoologist. The only one worthy of mention seems to have been 
the elder Pliny, soldier and writer, who flourished in the first century 
of the Christian era, or four hundred years after Aristotle. Pliny, how- 
ever, did nothing original, he merely compiled the works of others, and 
was none too judicious in his choice of material. 

The Dark Ages. — Learning was entering dark days even in the time 
of Pliny, and zoology shared the fate of her sister sciences. The story 
of this period is familiar in the annals of every branch of knowledge. 
Books were scarce, the schools lost their influence, and travel was 
difficult. Men no longer cared to investigate, they preferred to be told 
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what to think. The clergy fostered this attitude, for they represt^nted 
authority, and lived upon sul)sorvionce. Obodirnce in intellectual as 
well as religious matters was proffered as a matter of course. Contro- 
versies upon insignificant matters, which could ea^sily have Ix-tm settled 
by a few tirst-hand observations, were referred to the books of Aristotle 
and others for decision. Those who chanced to make ob??ervation8 for 
themselves, and then found something in their favorite writings which 
seemed to refute their discoveries, refused to believe their own senses. 

The period of deference to authority lasted many centuries. During 
this time inforeet in ao51ogy was almost confined to the medical schools, 
where, in the form of anatomy, it had a practical value. But even 
anatomy was subject to the iUs of the time. The works of Galen, 
a famous anatomist of the second century (A.D.), were the authority 
on which all teaching of anatomy was based. Galen himself was a 
talented observer and forceful writ^, and it is not occasion for surprise 
that his works were accepted as the authority in questions of anatomy. 
He worked under a handicap imposed by the customs of his time, 
however, since human bodies could not then l^ally be dissected. As 
substitutes, other animals were used, and wherever these animals differed 
from man Galen was in error. In the absence of better works, Galen's 
books were read from the lecturer's desk, with occanional demonstrations 
of dissections — which, be it said, often belied the text they were supposed 
to illustrate. The negation, however, was never noticed, or perhaps was 
attribntr>d to imprnptT specimens for demonstrntion. 

The Revival. — Slavish acceptance of authority could scarcely do 
oth(T than breed revolt, and eventually prove its own undoing. Human 
bodies became increasingly accessible for dissection. And so, after 
more than a thousand years of servility, it is not surprising to find 
Mondino da Lu/.zi, a professor at the University of Bologna, in Italy, 
publishing in 1315 a work on human anatomy that was based, not on 
Galen's books, but on dissection. He dissected as many as three human 
bodies. Two hundred years later, Berengario, also of the University of 
Bologna, dissected a hundred or more bodies, and presumably taught 
anatomy from, them. * 

It was reserved, however, for Vesalius, a gifted Belgian, to make the 
use of Gala's books alone unfashionable. Vesalius was a native of the 
city of Brussels, where he was bom in 1514. A portrait of him is repro- 
duced in Fig. 2. He appears to have inherited a passion for learning 
from an ancestry of physicians and scholars. His leaning was toward 
anatomy, and in his boyhood, besides securing the traditional schooling in 
Greek and Latin, he taught himself dissection, using the common animals 
about him. On entering the University of Paris to study medicine, it 
is said that he early became di^atisfied with the clumsy manner in which 
demonstrations were made in the lectures, that he pushed aside the 
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l)arber8 who were making the dissection, and demonstrated the structures 
himself. He finished his medical course at the University of Padua, 
in Italy, where he was subsequently appointed to teach anatomy. 
His teaching began with the time-honored method of reading Galen' s books, 
but the independent spirit wliich he displayed in early life compelled 
him to discontinue the practice. He ended by teaching anatomy only 
as he himself found it by dissection, and only as he could demonstrate it 
to his students. 

Unlike Mondino da Luzzi and Berengario, Vesalius was able to carry 
conviction to others. His students and colleagues recognized his worth, 
and other anatomists were gradually persuaded. Having pro'bably no 




Fio. 2. — Andreaa Vesalius. 1514-1504. (From Garrition's History of Medicine. W. B. 

Saundera Co.) 

more facilities for original dissection than did Berengario and other 
anatomists of his time, Vesalius possessed what they probably lacked, a 
forceful pt^rsonality. Opposition of the clergy, who had everything to 
lose and nothing to gain from a return to observation, did not daunt 
him. He was as adept in controversy as they — and Vesalius won. He 
did not live to see his method of appeal to nature universally adopted, 
but reform was rapid after his time, and to him belongs the chief credit 
for starting the reform. 

The Experimental Method. — At the time of Vesalius zoology 
(anatomy, mostly) was an observational science. Every science has 
been observational in the early stage of its development. Observation 
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represents on the whole the simplest phase of investigation, since it is 
possible to observe without any anticipation of the phenomena to l>e 
observed. The use of experiment is a lat<*r devclopinont in each field. 
It imphes looking forward to a result, and the exf)orimenter must formu- 
late some problem and adopt a suitable procedure for its solution. Any 
branch of investigation, therefore, in which the exi)erimontal method is 
applicable may be regarded as mature or youthful, according as experi- 
ment hius or has not come into comnmn use. At the time of which we 
write, experiment had long been used in physics and chemistry. Experi- 
ment had been used occasionally in zoology"- even jis early as Aristotle, 




Fio. 3. — Williuni Harvoy, 1578-1657. (From Garrison's History of Medicine.) 

but had been long since forgotten as a method. Its restoration was in 
large part due to the efforts of Wilham Harvey, of England (1578-1657) 
(Fig. 3). Harvey is best known as a physiologist, sometimes called 
the founder of physiology. He is credited with the discovery of the 
circulation of the blood, though his claim to this honor has been disputed. 
Although in an account of the rise of physiology, which occupied centuries, 
Harvey would figure prominently in the early period, it is not indefensible 
to state that his chief service to zoology was not in his contribution to 
physiology but in his frequent use of the method of experiment. In 
his work in physiology he directly affected only one field of zoology; 
but in his adoption of the experimental method he influenced every 
branch of the science. For all of the zoological sciences today employ 
experiment as an important mode of investigation. 
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The Microscope. — Prior to the time of Harvey zoologists could 
concern themselves almost exclusively with objects of some size. Minute 
dissections were attempted, but were attended with difficulty and the 
results were uncertain, because there were no good microscopes. Of 
things that every freshman in a college class in biology may sec a thou- 
sand times in a semester, the zoologists of early times were wholl}' 
ignorant. Simple lenses existed from no one knows how earlj' a iwriod, 




Fio. 4. — An pj gt^tiwn^ ^ cRntiirv micro«copo. (Courtesy of American Museum of Nalural 
^ History.) 

and their value was understood. But in those days of the lack of spe- 
cialization, there were no great designers and manufacturers of optical 
goods. Microscopes were planned and built bj' the .scholars who needed 
them. An investigator could easily spentl ten times as nuich energy in 
making and fitting his lenses, as in nuiking observations with them once 
they were completed. Under these circumstances, it is no wonder the 
development of the microscope was slow. One of the products of this 
amateur manufacture of microscopes is illustrated in Fig. 4. 
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Among the early designers and users of microscopes arc to be men- 
tioned Hooke and Grew of England, Malpighi of Italy, and Swammcrdam 
and Leeuwenhoek of Holland, all of whom flourished in the latter half 
of the seventeenth or early eighteenth century. Hooke was too versatile 
to l>e remembered much in zoology, except in connection with the develop- 
ment of the microscoi>e and the incidental discovery of cells in cork. 
Grew did some good work in the anatomy of plants. The remaining 
three microscopists just named were much more productive in the strictly 
biological field. 

Malpighi (Fig. 5) is famous for a treatise on the minute structure 
of the silkworm ; for the discovery of the layer of cells at the base of the 




Fiu. 5. — Marcello Mulpishi, 1628-16M. (From Garn«on's Hxulory of Medicine, ajter tht 

fxiintino by Tabor, Royal Society.) 

epidermis, which bears his name; for observations on the anatomy of 
plants; and for work in embryology. Swammerdam is known for his 
minute dissections of insects, snails, and clams. Ijeeuwenhoek (Fig. 6) 
studied blood capillaries, and the structure of nmscles, and he saw and 
figured spermatozoa (the male germ cells) without at first knowing what 
they were. 

Although the microscopes of the seventeenth century were not power- 
ful, compared with micro.scopes of today, they opened up a large field 
for new discovery. Minute anatomy had its rise with the rise of the 
microscope. It is not imiK)rtant to name the many investigators who, 
with the aid of these instruments, studied the systems of minute organs 
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in insects, or who discovered the small one-celled animals in pond water. 
No one of them stands out preeminently as a representative of this 
movement. It will l>e sufficient to point out that the steady improvement 
of the microscop>e in the two centuries and more since the time of Mal- 
pighi and his contemporaries has made it possible to study more and more 
minute structures. Progress in anatomy, in so far as it concerns the 
smallest structures, has at all times depended on, and kept pace with, 
the improvement of the microscope. The physiologist must often watch 
his experiment with the aid of a good microscope. Classification of 
animals and plants in many cases shifted to an entirely new basis 



Pio. 6. — Antony van Lcouwcuhuok, 1632-1723. {From Garrinon' a Ilvstory of Medicine.) 

when observation of minute structures became possible. Microscopic 
study of fossils reveals features of importance. Naturally, each of these 
subjects has grown as the microscope grew. From an instrument like 
that illustrated in Fig. 4, which is by no means the crudest one known, 
the microscopKJ evolved step by step to the splendid optical aids of the 
present time. Today the biologist uses microscopes fitted with oil 
immersion objectives and condensers for increasing the illumination, 
lenses corrected for chromatic and spherical aberration, devices for 
delicate adjustments of focus, and other refinements. Whether further 
striking improvements are still possible is uncertain. 

Classification. — During all these centuries of observation, in the 
early Greek period and in the period following Vesalius, many kinds of 
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animals came to be known. With the use of the microscope, hundreds 
more became visible. For a long time these thousands of species were 
a chaos, and with the improvement of the methods of study, and the 
increase in the number of travelers and naturalists, the number of known 
animals made the chaos intolerable. Systems of classification were 
used, but they were superficial and were devised for convenience only. 
It is true, even the early zoologists knew that the quadrupeds were more 
like one another than any of them were Hke snakes, but no one had a 
comprehensive system of classification that included the whole aninud 
kingdom. Nor wa« this the whole difficulty. Animals were often not 
named, but were known by cumbersome descriptions. Animals that 




Fio. 7. — Carl von Linnn (Carolus Linnasus), 17U7-177JS. in Luplanci dress at the ago of 
thirty. (Courtesy of \ew York Botanical Garden.) 

were common enougn to have received names were differently named in 
different regions; and the same name was not infrequently applied in 
different locahties to different animals. 

Order has come out of this confusion largely through the initial efforts 
of Carl vonLinn6 (orLinnaius as he is more commonly called), of Sweden, 
who lived from 1707 to 1778 (Fig. 7). Before his time John Kay of 
England, had taken one important step, by Umiting the meaning of the 
word "species" to something like it^i present significance. Linnaeus went 
further and gave each species a name which, being Latin, could be used 
the world over. The name of each species was a double one, the first 
name being that of the genus, the second that of the species itself. Thus, 
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the common cowbird is iiainrd Molothni:< atcr. Tlio jrrmcric name is 
always begun with a capital icttor and ;it \\\v jircscnt time all specific 
names (of animals) with a small letter, i-rom th(^ use of two names for 
each species, this 83rstem of nanung is known as the Binomial System of 
Nomenclature. 

LinnjETis's pjeat work, the Sy sterna Naturw, contained the first note- 
woi tliy applicatiun of this system of naming, in the form of a catalog, 
methodically' arranged. The species were grouped into orders, and the 
orders into classes. While these groupings have since been sho^Ti to be 
aitificial, and new groupings have been substituted, the binomial system 
of names has been retained and many species still bear the names which 
Linneus proposed for them. The changes introduced into the grouping 
of species since Linneus's time are intended to express ideas of the rela- 
tionship of the groups to each other. But without a preliminary dis- 
cussion of evolution it will not be profitable to pursue this matter further. 

The advantages of a comprehensive system of classification are 
obvious. Any kind of arrangement is better than none. Such an 
arrangement, applied to animals, i^ rot only a convenient aid to the 
other branches of zoSlogy; it actually raises problems which would 
otherwise scarcely be discovered. The development of even a slight 
degree of order out of confusion always suggests the possibility of further 
generalization. 

Comparative Anatomy. — The next great movement in zoological 
progress was the development of comparative anatornv Descriptive 
anatomy dates back to the anci(>nts. But as larger numbci*s of animals 
became known, and especially under the influence of the Linntran clas- 
sification wliicli placed similar animals in the same orders, it was inevi- 
table that anatomy should become strongly comparative. Even as 
early as 1555, Belon noted the close corn -jM iidence, "Vmne for bone," 
between the skeleton of a bird and that of iiiaa. By 1G45 there was pub- 
lished, by Severino, a book expressly devoted to comparative anatomy. 
Vicq d'Azyr, of France, made a brilliant beginning in comparison of the » 
arms and legs of man with those of other animals, and in the anatomy of . i 
the brain, but he died at the early age of forty-six. \ 

The real founder of comparative anatomy was Georges Cuvier 
(Fig. 8), a Frenchman (1769-1832). Not content to limit his observa- 
tions to the vertebrates (back-boned animals) as the earlier comparative 
anatomists were inclined to do, Cuvier made comparative studies through 
the whole animal kingdom. From 1801 to 1805 he published a systematic 
treatise on comparative anatomy, which included both invertebrates 
and vertebrates. A few years later he published a great work on fossil 
bones of the region about Paris, which was also comparative. From all 
these comparative studies Cuvier came to the conclusion that animals 
are built in aooordanoe with four general types; the vertebrate type, the 

3 



Digrtized by GoogI 



18 



PRINCIPLES OF ANIMAL BIOLOGY 



molluscan type, the articulated type, and the radial type. He thus 
arrived at a scheme of classification based upon 8iniijarit^;;^ofj5tructure, 
which is even today the chief basis of classification. But ourTously 
enough, Cuvicr failed to see what every zoologist now recognizes, that 
similarity of structure is owing to common descent. He even used his 
great powers of debate and his wide personal influence to combat the 
idea of conimoiuiescent. The general acceptance of the idea of evolution 
was delayed many years by this error of Cuvier. 

Following Cuvier was a long line of able anatomises in the nineteenth 
century, by whom comparative anatomy was raised almost to the rank 







Fio. H, — Cicurircfl Cuvier, 1769-1832. {From Loey'a Biology and III* Maker8.) 

of an exact science. Their names are everyday words to the trained 
morphologist, but no one of them stands forth preeminently, and they 
need not be mentioned liere. The later ones recognized common de.scent 
as the key to similarity of structure, and comparative anatomy furnished 
some of the best of the early evidence of evolution. 

The Discovery ot Cells. — Early in the nineteenth century, before 
the end of Cuvier's career, the improvement of the microscope had 
resulted in such excellence that the study of the minute anatomy of 
animals and plants was becoming common among biologists. A number 
of investigators, some of them much earUer than the nineteenth century, 
saw in organisms minute divisions, arranged sometimes in orderh'' manner, 
sometimes in hit-or-miss fashion. Hooke saw box-like cavities in cork 
as early as 1665, Malpighi a similar pattern in other plant tissues in 1670. 
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Oken claimed to have witnessed "repeated vesicles" in animals and 
plants, in 1808, but it is not clear what he meant nor whether he actually 
saw them. 

None of the writers mentioned appeared to regard these objects as 
units of structure, nor to attach any importance to them. However, in 
the hands of Schwann (Fig. 9) and Schleiden (Fig. 10), chiefly the 
former, repeated observation of these minute units of structure led to a 
great generalization. The units had been called "cells" since the time 
of Hooke, from a mistaken notion of their structure, and Schwann and 
Schleiden reached the conclusion that all animals and plants are built 
up of them. This generalization was called the Cell Theory. The cor- 

r- - 1 




Fio. 9. — Theodor Schwann. 1810-1R82. Fio. 10 — Matthias Joseph Schleiden. 

(From Oarriaon' 8 History of Medicine.) 1804-1881. (From Garrison' a History of 

Medicine.) 



rectness of their conception has since been abundantly verified, so that 
it should now rather be spoken of as the Cell Doctrine. Although 
Schleiden published his observations a little earlier than Schwann (1838 
and 1839, respectively), it is only in the work of Schwann that the cell 
theory is stated, or that the words "cell theory" are used. So that, 
although Schleiden is usually named before Schwann in attributing to 
them the joint authorship of this theory, it is done so rather for the sake 
of euphony than from any desire to give Schleiden greater credit than, 
or even equal credit with, Schwann. 

The importance of the cell doctrine can scarcely be over-estimated. 
It is taken as a matter of course, by beginning students, that all organisms 
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are made up of cells; but when one reflects that all the things an animal is 
or doe^i are what the cells are or do, the idea acquires tremendous signifi- 
cance. All growth, all development, all life processes, all reproduction, 
as will be pointed out in later chapters, arc the results of cell acti\'itie8. 
The universal occurrence of cells in organisms is, then, a fact of funda- 
mental import. 

Evolution. — While, on the morphological and purely observational 
side of biology, the cell theory was Ixiing built u|>on firm foundations, 
on the philosophical side new ideas were growing up which also marked 
progress in a different direction. Most zoologists had become so well 
acquainted with animals as we know them at the present time that they 




Fio. 11. — Jean Ruptisto Lamarck, 1744 — 1H21>. (From Loey'n Biology and Its Makera 

and Thornton's Uritish Plants.) 

conceived the various species to be fixed and constant. They Ix'lieved 
each species to have been created in the form in which it exists now. 
Through a long period of biological history, however, there had not been 
wanting daring and inquiring naturalists who saw what they beUeved 
were indications that s|Xicies had changed in the past, and were j^erhaps 
changing even at the present time. Vague ideas of evolution were held 
by some philosophers as early as the Greek ix'riod; l)ut it was not until 
the end of the eighteenth century that any well-defined tlu?ory of evolu- 
tion arose. Buffon (1707-1788) apiK*ars to have held evolutionary 
ideas, but was too timid to state them clearly. Erasmus Dar\vin (1731- 
1802) published in his Zodnomia in 1794 a comprehensive theory of evolu- 
tion, but ditl not support his views by many facts. 
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Lamarck (Fig. 11), 1744r-1829, was the first to bring forward a theory 
of evolution that has retained a considerable following to the present 
time. Lamarck, like most of his contemporaries and predecessors, at 
first adopted the view that species were fixed and unchanging; but about 
1800 his views changed. His theory is best explained in liis Philoso- 
phie Zoologique, pubhshed in 1809. Its two principal tenets were that 
the effects of use and disuse upon the parts of animals are transmitted 
to their offspring, and that the environment may produce changes in 
animals which are inherited by their progeny. Both of these views 
regarding the cause of evolution have been largely abandoned by the 
pure biologists, but are still held by some paleontologists, by numerous 
medical men, and by the laity. 




Fio. 12.— rhnrlps Darwin, 1809-1882. {From University Magazine. Photo by Leonard 

Dartcin.) 

Lamarck's views were championed by the able naturalist Geoffroy- 
Saint-Hilaire (1772-1844). Cuvier, on the contrary, not only op- 
posed the Lamarckian views of the cause of change, but ridiculed the 
idea of evolution itself. The attitude of the latter scholar is one of the in- 
congruities of biological history, since Cuvier's own discoveries in the 
field of comparative anatomy constitute one of the best arguments in 
favor of the theory of evolution. Nevertheless, Cuvier adhered to the 
fixity of species, and in a famous debate in the French Academy of 
Science between Cuvier and Ocoffroy-Saint-Hilaire, in 1830, the former 
was held to have won. Cuvier was in high esteem in government and 
social circles, and had a large following among the young men. As a 
result the rise of evolutionary thought was retarded for several decades. 
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Then came Charles Darwin (Fig. 12) grandson of Erasmus Darwin, 
with indisputable evidence of evolution. Cuvier was no longer living 
to combat the theory, and Darwin had laboriously collected a mass of 
supporting facts which could not be set aside. These he published 
in a series of books beginning with Origin of Species in 1859, and continu- 
ing to the end of his life in 1882. With them he proposed several theories 
to account for evolution which appeared so plausible that the whole 
thinking world was convinced of the fact of the mutability of species. 
T\w chief of these theories was that of natural selection, according to 
which, in the struggle for existence, the fittest survive. The theory of 




Pia. 13— Thomas Henry Iluxlcy, 1825-1895. 

natural selection, as will be pointed out later, is still commonly held, 
though with diminished significance. 

The doctrine of evolution was not accepted without opposition. 
However, with the aid of the powerful Thomas Huxley (Fig. 13), who 
spread the idea in forceful lectures among biologists and non-biologists 
alike, its victory was complete. With regard to the fact of evolution 
there are now no dissenters among thinking people. Whatever contro- 
versy still exists is concerned with the causes and method of evolution; 
evolution itself is admitted by all. 

Genetics. — It will be noted that the theory of natural selection, 
by means of which Darwin sought to explain evolution, contained nothing 
to account for the origin of changes in species, but only for their preserva- 
tion. So strongly did the theory of evolution and the theory of natural 
selection appeal to the imagination that another field of investigation. 
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which would no doubt have gone far toward explaining evolution, was 
overlooked for a third of a century. This was the branch of biology 
now known as genetics, which includes heredity, variation, and related 
subjects. 

A briihant start was made in this field in 1866, by an Austrian monk, 
Gregor Mendel (Fig. 14). Mendel raised peas in the monastery garden, 
crossed a number of distinct varieties, and derived from them a simple 
law of heredity. So occupied were biologists with Darwin's theory 
of evolution, then in its infancy, that Mendel's writings remained un- 
noticed until 1900, when they were rediscovered. His simple experiments 




Fio. 14. — Gregor Johann Njjy^l, 1822-18H4. {From a photograph taken about 1880. 
Reproduced fritm the re/mrt of the Royal Horticultural Society Conference on (Jrneticti, 1M>6. 
By ptrmiMsion of the President and Council.) 

proved a tremendous stimulus to investigation, and much of the leading 
biological work of the present century has been in the field of genetics. 
Mendel's law of heredity has been amply verified and extended, but at 
the same time modified. At the present time the best work in genetics 
is being directed toward discovering the method by which hereditary 
traits are transmitted from parent to offspring. When that is finally 
discovered, it is not improbable that the causes of evolution will be more 
clearly understood. 

Conclusion. — Although the foregoing account indicates the prin- 
cipal movements in the development of zoology, and the outstanding 
names connected with these movements, the "pure" science alone 
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has })een rorr^iflpred. It should not be forgotten that zoology has ahvju's 
hud its piac th il applirationa. In the last half century these applica- 
tion's have tH'en greatly multiplied. MedieirH^ is applied zf>ology, Rp- 
plied directly to man and incidentally to those animals that are parasitic 
upon him or that are carriers ot (iisease. Sanitation and public hygiene 
are matters of applied Ijiology even more than matters of engineering. 
Cro|>-destroying insects and other pests are combated by tlie economic 
zoologist. Improvement of breeds of domestic aiumals Ls the practic^al 
aim of the student of animal husbandry. The ap])Hcations of zoology 
t o practical enda are atill probably in their beginnings. Its applications' 
to man himself'are particularly in a backward state. The improvement 
of human qualitiefi, the maintenance of the beat human strains, the effects 
of migration and intermarriage upon the races of men and their political 
dev^opment, and the effects of war upon racial qualities, are problems 
which still await solution. 

Although sodlogy has had its f adiionSy though it has been developed 
in different directions at different times, these well-marked movements 
do not all l)ear the same relation to each other. The announcement 
of the cell theory stands in a peculiarly significant position. In itself 
the discovery of cells was not more imt)ortant than some of the other 
developments of zoology. But it had and has unique possibilities as 
the foundation of other branches of the science. Animals are made up 
of cells, which is a purely morphological fact. But their physiology 
is wliaf it is because of the nature of cells. Inhtiritunce iHMl--<tvolntion 
an^ coll [)henomena. Relation to environment is dependent on the func- 
tions of cells .~ Ilvcu geographical distribution and ela.ssification arc 
fundamentally dependent upon the cellular characteristics of aninjals. 
As a preface, then, to the discussion of the various branches of zo<)logy 
in later chapters, a knowledge of cells is essential, and to that subject 
attention is now turned. 
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The history pf the discovery of cells has been very briefly outlined. 
It was jwinted o^t that, although cells had been observed by a number 
of zoologists, it was not until 1839 that Schwann, in collaboration with 
Schleiden, announced the theory that all hving tilings, whether plants or 
animals, were made up of these units of structure, the cells. This propo- 
sition was called by its author "The Cell Theory," but it has been so 
abundantly verified that the term theory is no longer a fitting one. 
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Fio. 15. — Felix Dujardin. 1801-1860. {FromLocy'a Biology and Its Makers.) 

Errors. — ^As was to be expected, the theory contained some errors, 
at least in details. Its founders thought of the cell wall as the important 
feature. They had seen the nucleus within the enclosure formed by the 
walls, but regarded it as being in the wall. Moreover the nucleus was 
conceived to be the beginning of a new cell. Although the protoplasm, the 
living matter of which the cell is now known to be composed, had been seen 
by several investigators, neither the latter nor Schleiden and Schwann 
attributed any importance to it. Schleiden called it gum, a name per- 

25 



26 



PRINCIPLEFi OF ANIMAL BIOJ/KJY 



haps intended to convey the idea of insignificance. Dujardin (Fig. 
15), a French naturalist, appears to have thought it worthy of more 
attention, and described it in 1835 under the name "sarcode" (soft* 
substance). He tested its solubiUty, and its behavior with certain re- 
agents, such as alcohol and the acids, thereby satisfying himself that it 
differed from other jelly-like substances (gelatin, albumen, etc.) with 
which it might be confused. But either because Dujardin had studied 
the sarcode only in worms and Protozoa and a few other low forms of 
animal life, or becau.se his diffidence forbade his making any larger claim 
for it, this substance was supposed to be found only in the lower animals. 
The general occurrence of this substance, however, could not long avoid 
discovery. Hugo von Mohl, in 1846, observed the Uving part of plant cells, 




Fio. 10.— Max Schultze. 1K25-1874. {From Garrison's History of Medinne.) 

distinguishing it from the walls and vacuoles, and called it protoplasm. 
This name, used earlier by Purkinje, von Mohl succeeded in bringing into 
common use. Gradually it dawned upon biologists that this matter is 
found in all hving things, that it is in fundamental respects aHke in all 
of them, and that this, rather than the walls, is the important feature of 
cells. In the absence of cell walls, this protoplasm is the cell. Of a 
number of investigators who contributed to this fortunate issue of the 
problem of the cell, mention should be made of Max Schultze (Fig. 16) 
who, probably more than any other one person, t^rought conviction of 
the truth of the idea just stated to the minds of all biologists. 

Additions. — The bare statement that all living things are composed 
of cells is also inadequate in at least one structural respect. It was 
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early discovered that ecrtain tissues are made up in part of stnictures and 
iiuiU rijil that are not ci lluiar, hut that have been created by cells. The 
bulk ©f cartilage and bone is formed of a iuiii matrix not cuiiiposed of 
cells, but lying between the cells. This matrix is produced by the cells 
as a secretion, va which the producing cells become imbedded. It is not 
ohangeleflSi smoe the cella may dissolve it away and build it in some other 
direction, but it is itself wholly inactive in this change. Tlie matrix is 
not living matter. Connective tissue also contains elastic matter, in 
the form of fibers of several kinds, which are laid down as secretions by 
the ceUs. These fibers have a function, but it is entirely a passive one. 
Ligaments and tendons m in like manner largely non-cellular. Since 
animal bodies are so largely composed of such non-Hying material, all 
of it produced by cells, the cell doctrine should be made to specify that 
^ali living things are composed of cells or cell products.^ 

With the corrections regarding the nature of nucleus, walls, and proto- 
plasm, and the addition of cell products, noted in the preceding para- 
graphs the early statement of the cell doctrine would still be essentially 
correct iis far as it goes. In that form, however, it would imply that biology 
is mostly a morphological subjoct . So it once was. But with the growth 
of the .science, with its developmci]( m tlio fields of physiology and genetics, 
it becomes apparent that the cell docti ine can be extended to include more 
than the mere structure of animals and j)lants. 

The life processes of living beings, fortunately now fairly well under- 
stood in some respects, have been shown more and more to be the life 
processes of their component cells. Without iinph in^^ that the cells 
act independently of one another, it is still in a sense true thai the activities 
of an organism are the sum of activities of its cells. Under favorable 
cultural conditions, cells may long continue their activities when removed 
from their association with other cells; and in many cases it has l)oen 
possible to analyze the complicated processes of multicellular organs, and 
show that this thing is done by certain cells, that other thing by cortahi 
other cells, and so on. The cell has now come to be regarded as the 
p hi^<in!o^ iojj unU, as well as the morphological one; and some of the most 
important advances is aodlogical knowledge in recent years have been 
made in the field of cell physiology. 

Almost as a part of the step by which the cell doctrine is extended 
to embrace cell physiology as one of its tenets, is the inclusion of develop- 
ment and heredity. The origin of a multicellular animal from a 
one-oeUed beginning (the egg) may be w atched from first to last, and 
everywhere the process is a series of cell phenomena. Cell divisions, 
arrangement of cells into layers or tissues, the unequal growth of cells or 
parts of cells to form folds and protrusions, the migration of cells some- 
times for long distances, the formation here and there of cell products, 
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make up the complex process of tmbn^gniUi deMlavm^nL All thesechanges 
arc brought about in or by the cells. 

Through this series of multiple changes there is built up an organism 
which, in most cases, closely resembles its parents. Here again it is 
found that the cells arc responsible for ea^h step and for the final result. 
The complete horitap;o of tho ovontnal adult animal must of course be 
represented in some manner m the egg. T\](] proper distribution of the 
material of hpredity, whatever it is, through all of the divisions and re- 
arrangements wliich the embryo undergoes, is at every point eared for 
by the strutture and functioning of cells. What these structures and activi- 
ties are cannot be stated here, even by name, but are dealt with in sub- 
sequent chapters. 

An adequate statement of the cell doctrine, as must be apparent from 
the foregoing considerations, must do more than generalize upon the 
straetiire of living beings. It must include the fact that t he cell is aL^ o 
the unit in phy i oh nr'^i prnfirr"?"j '"ir'ndiyig t b"sp of fnil)rYoi]in d<wftiAp- 
mentand inheritance. 

Influence of the Celt TlMOfy.—The theory- of the uniyersality of 
cells was a great generalisation. It would have been a most important 
milestone in biological progress, even if it had been in itself less funda- 
mental. For zoology had had no great generalizations before the cell 
theory was brought forth. There was nothing in the field of biology to 
compare with Newton's laws of motion in physics. Biologists would 
have been pardoned for despairing ol ever bringing the whole living world 
under one point of view in some specific regard. The cell theory, there- 
fore, was a great unifying influonrc. Contemplation of it must have 
prepared biologists for other great generalizations. Less than half a 
century later, another fundamental prf^positifin, the t heory of evolji iion. 
had been accepted b}' practically the wliole biological world; and it is 
not improbable that the idea of evolution was adopted the more readily 
because the c ell tlu ^u^' had shown that basic imity was as much to be 
expected among living things as in physics and chemistry. 

The knowledge that animals and plants are universally constructed 
of cells led to new j)roblemb. Comparative morphology could now extend 
its principles to an undreamed-of host of minute structures. All the com- 
ponents of cells, including those of the nuclei and specialized organs, 
which are mentioned in the description of a typical cell below, have been 
discovered since Schwann's time; and the occurrence of these in cells of 
widely different kinds courted comparisons. Physiology now became the 
physiology of cells, or was capable of such extension. General physi- 
ology, as distinct from the physiology of the organs of higher animals, 
has grown out of this discovery. A knowledge of the permeability of 
cell membranes, of the functions of electrolytes in living substance, of the 
release of energy by chemical reactions within the cells, are some of the 
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products of this new physiology made possible by the cell theon'. He- 
redity could now become a cell problem, and as is pointed out in a later 
chapter the cbiof discussion of heredity now has to do with the machinery 
by means of whicli cells product^ hereditary characteristics. Not all of 
these developments of zoiilogical investigation took place at once, after 
the cell theory was published, but they l>ecame pu. sible, and a beginning 
was made. In numerous other ways the out look of biology was changed 
and illumined by Schluidcn and Schwann's epoch-making law. But 
in order to understand the influence of the cell theory on the development 
of the science, it will first be necessary to consider the structure of cells. 

The Size of Cells. — ^AU ceUs are oomposed of viscous or jelly-like 
material called protoplasm. The quantity of this material comprised in 
a single cell varies within wide limits. Many cells are so small as to be 
visible only with a good microscope. The vast majority of cells require 
considerable magnification to be seen. Not a few, however, are lat^e 
enough to be visible with the unaided $sye, as in the case of the larger 
Protozoa (animals composed of but one cell), while in muscles and nerves 
of the hi^er animals, the cells, though not of great diameter, may be 
inches or feet in length. This great variability does not exist, however, 
among cells of the same kind. The cells of the 'kin of a given animal, 
though not of uniform size, do not differ strikingly from one another; 
and cells that are arranged in definite layers, like that lining the intestine, 
are apt to be very nearly equal in size. 

Gross Shape. — The shape of cells is also very variable. Theoreti- 
cally, due to surface tension, a cell is typicallj' spherical ; but that shape is 
attained, even apj)roxiinately, only in certain free cells, such as eggs and 
a few of the one-c(>lIed or|E;anisms, the Protozoa (animals) and Proto- 
phyta (plants). Cells take on other forms for various rea.sons. A free- 
living cell, as Amoeba and other related Pj<»to/<)a, may actively change 
its shape l)y thrusting out portions of the body into finger-like pseudo- 
podia. Fig, 17. Suuh an animal is selilorn of the same shape for any con- 
siderable time (unless it goes into a '"resting" state in which it is 
apt to be nearly spherical) and it may even l)c changing every instant. 
Other free-living cells, of more or less constant form, are kept constant 
by a wall or pellicle that the cells themselves have secreted. These 
pellicles may be flexible, but firm, so that while the shape of the body 
may become temporarily distorted it is characteristic of the spedes. 
Good examples of such constant forms are found among the Infusoiia 
(ciliated PkY>toBoa), as in Fig. 18. 

Cells that exist in aggregates usually have their form altered by the 
mechanical pressure of the cells around them. When this pressure is 
the only factor altering their shapes, the cells are irregular polyhedrons. 
But other factors, such as unequal growth in different directions, and 
perhaps inequalities of surface tension, factors often not understood, oom- 
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bine to produce cells of a great variety of shapes. They may be rather 
r^^ular rectahedrons, as in plants; long cylinders, as in voluntary muscle* 




Fio. 17. — Two protozoa of flir rlas«i lihijopoda. The horlios arc partly onrlosod 
in shelU, oiio made of sand, one of a chitinuus 8ub«tancc. From those sholU the proto- 
pteamia body may be aetivdy protruded ia Ann>like pMudopodia, wUch are afterwards 
fetrseted. 




Ite. 18. — Various forms of Infuaoria whose body shape ia kept fairly constant by a 
•affQUiidiag pelUde. Though tlmna^ may be altered by pressure, it is restored when 
tbe pseseure iarUioved. Cilia projeet from the surf aoe. {UoHfied from Conn.) 



greatly flattened cells with their largest sides polygons, as in tlic outer 
layer of frog skin; somewhat flattened cells elliptical on their flat sides, 
as in the blood of many animals; circular and flattened or cupshapcd, as 
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in human blood; narrow and spindle-shaped, as in involuntary muscle; or 
finely branched, as in pigment cells of the skin of frogs and salamanders, 

or bone and nerve eell^. 

nuclgii s and rytHplggni. — This mass of protophuun, regardless of 

its shape and other nioflificutions, is usually diiTcrentiated into two dis- 
tinct parts. There i.s a central body called the nucleus (Fig. 20, n) 
which, in prepared and stained material, is usually highly stained, since 
it is composed of substances which have a liigh affinity' for most of the 
common dyes; but in living material the nucleus is somewhat transparent, 
nearly colorless, and highly refractive like a lens. The remainder of 
the cell, besides the nucleus, is called cytoplasm (Fig. 20, cy). Both 



Fio. I'J. — Various furms of nuclei iu cells. A, part of musole cell with multiple el« 
Upooidal nuelei: B, ^ud oell of butterfly with branehlos nucleus; C, marrow eeO of rabbit 

with ririK-nui'Iotis: D, Kpislylis with curved rofl-likc niirlpus; E, Stonfor with fioadod 
nucleus; F, Traohelocerca vrith distribulod nucleus. {B, C, F, after WiUon. Couriety 
cfMaenUOanCo,) 

nucleus and cytoplasm are composed of protoplasm, as the latter term 
is now commonly used. 

The nucleus is typically spherical, owing, as in the case of the cell iis a 
whole, to surface tension. But this shape is often altered l)y the shape 
of the containing cell, by physiological activity of the nufleus itself, or 
for reasons not yet understood. In long narrow cells the nucleus is apt 
to be ovoid or ellipsoidal, as in young voluntary muscle cells (Fig. 10, A). 
In highly active cells it may be branched (B) or otherwise irregular 
(ring-shaped, C). In some of the Protozoa it is rope*like {D), or beaded 
(£)• There may be more than one nucleus, as in a nuniber of Protosoa, 
and in voluntary muscle (A). Some cells have no nucleus of the usual 
structure, but possess the deeply staining nuclear material in the form of 
scattered g^in^s. The bacteria and some of the Plrotosoa (F) are 
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examples of this condition. Such scattered granules are spoken of as a 
distributed nucleus. In the rod cells of human lilood the nucleus is 
actually wanting, although in their developmental stages they possess 
nuclei which later disappear. 

The form of the e>'topla.sinic mass is of course the form of the cell 
as a whole, as described above. 

^ Other Bodies in the Cell. — As indicated in Fig. 20, a cell may possess 
other features. There is usually, perhaps always, a differentiated portion 
at the surface, whose nature is ditTercnt in different cases, and which is 
variously designated. Often it is a lifeless secretion of the protoplasm, in 
which case it is called a cellwglL' In plants and in some of the Protozoa, 
this cell wall is composed of celluloaef a substance related to the starches, 




Fto. 20. — Diagram of a typical roll, with structures CMninionly present, nl, attrartion- 
apbere; ch, chromatin net-work; n, cell iucluaiotis: cm, cell meuibraue; cn, ceutrosomu; cy, 
eytoplMm; /, linin thread; n. nucleus; nit nuoleoltti; nm, oudear membnoe; n$, nuctear 
Mp; p, plMtids; pdin, plastid dividing; v, vaeuole. 



but other substances as lignin or silica are often as.soeiated with it. In 
many Protozoa the wall is composed of nitrogen-containing substances 
resembling chitin, keratin, and gdtUin, 

Instead of a'wall the surface of the cell may be covered with a thin, 
filmy sheet, called the peUide or cutic le, the nature of which is uncertain. 
Pirobably tiie pellicle is to be regarded as a lifeless secretion, as is the 
cell wall. Such pellicles are found in the Infusoria (ciliated IVotosoa) 
as described above (Fig. 18). 

In cases where there appears to be no special covering, the surface 
bkyer of protoplasm is differentiated, at least with regard to its physical 
and probably also its chemical properties. Depending upon their e&ct 
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upon aiirfnrn f»fiamn, oortam subetftDoes tend to ooUect more at the but- i 
face than do other tiungs, thus making the composition of the sutfaoe \ 
layer differ from that of the deeper-lying protoplasm. Surface tendon ^ 
also tends to force the larger globules contained in the protoplasm (vide 
infra) away from the surface, leaving only the smaller ones in the periph- 
erol layer. For these reasons, a very thin surf ace layer of protoj^ asm 
has a different composition and consistencyi anHlToften known as the 
txUmsjahams' (Fif^, 20, cm); but this membrane is not a secretion, it is 
part of the living matter itself. The term cell membrane is used, how- 
ever, for other stnicttires some of which may be lifeless. 

Plastirls are not uncommon structures in rolls (Fig. 20, /)). In the 
higher plants they are universal, ami they are usually green, though 
some are of other colors, giving color to certain fruits an<! flowers. Sonic- 
times they are colorless, as in the embryos of green plants and in certain 
parts of thv adults a** well. In animals, pluiitids are not uncommon in 
certain clashes of Protozoa, where tlicy are mostly colored. Each kind 
of plastid serves a ditferent function, one of which is discussed in another 
chapter. 

Vacuoles are vHsit lea of liqiii<l ei^c loscd in the protoplasm. They 
may be permanent or temporary. In the Protozoa, temporary vacuoles 
are conunon. They usually either enclose bodies of food in process of 
digestion, in which case they are caUed food vacuolest or they disappear 
at intervals by ejecting their liquid contents through the surface layer 
of protoplasm into the surrounding medium. After such ejection, a 
vacuole is formed again, often at the same point, only to disappear 
later. Such a vacuole ia called a puhaHng or contr actile v acuole* (See 
Fig. 20, IT.) ' " 

In some cells an alUbraction-sphere or centrosphere (Fig. 20, at)ia found, 
usually near the nucleus. It is a mass of somewhat differentiated pro- 
toplasm, containing a minute body that stains deeply, the centrosome. 
When present the centrosome takes a conspicuous though probably not 
important part in cell division, as described in another chapter. 

B(>sides all the above stnietures wliich ser\'e, or appear to ser%T, some 
function in the cell, and which may therefore be regarded as cell organs, 
there are often lifeless matters enclosed in the protoplasm. These may 
be grains of starch or related substances, or oil or fat globules, wliich 
the cell has produced and which are stored as future food. Airain, these 
lifeless objects may be undigested remains (such as shells) of organisms 
taken as food, or even objects jiicked up incidentally along with food or 
otlu rwise. When these non-living objects, whicli may Ix; .-piiken of as 
cell inclusions (ci), are wholly foreign in their origin, they are not to be 
regarded as parts of the cell. When, however, they have been produced 
by the activities of the cell itself, as starch grains or oil globules, there is 
justification for regarding them as true components of the cell. 
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Polarity. — ^The structures described above aie the chief features 
in which different parts of a cell are visibly distinguishable from one 
another. They do not, of course, constitute all of the organization which 
cells are known to possess; and other elements of organization arc de- 
scnhcd below. But along with other general features is to be included 
an invisible organization which is termed polarUy. In many cells, one 
portion is destined to perform certain functions, another portion certain 
other functions, even when these portions are visibly alike. In a develop- 
ing egg, one part will become the nervous s>^tem and associated sense 
organs, another i)art the dipe^tivf tract. In the ordinary course of 
development these {)arts are not mterciiangeable. This evident arrange- 
ment of parts as evidenced by their future activities, is the phenomenon 
which is called polarity. iU^^eith^jt-entf-t^L^n a xis thejprotupiaj?m la 
different. ^ 

A ^M)(>d example of polarity is found in the eggs of insects. One 
end of the egg, in some way different from the other end, always becomes 
the head. One side always is right, the other left. The polarity goes 
back into the ovary (reproductive body) for, at least in many insects, 
the same end of the egg always emerges first when the egg is laid. 

Occasionally this polarity is recognizable in advance because the 
parts are differently colored; or one part may contain oil droplets, or 
some other cell inclusion, another part none. In many cases it has been 
definitely proven that these visible differences are not the cause of polarity, 
they are merely associated with it, or are signs of it. In other cases 
where proof is wanting that the visible bodies arc not causal agents, it 
may still be doubted whether they are more than incidental phenomena. 
The polarity appears to be an invisible organization of the protoplasm 
itself. 

Structural Relation to Other Cells. — When cells are free-living and 
independent, as in the Protozoa, they may have little or no influence 

upon one another. Wlien they are aggregated into masses, as in the 
multicellular animals, there is always the possibility that each cell may 
be jnodifie(i. and its activities glided, by the cells around it. Often 
such interdependence niust follow merely from the diffusion of fluids 
from cell to cell, or from surface phenomena. 

In some cases, however, protoplasmic eomie( lions are known to ex- 
tend from one cell to another. These have I teen ileuionst rated in the 
skin of the salam.inder (Fig. 21), are conspicuous in Volvox, and have 
been described for many kinds of animal cells. In plants, it is maiiilaiued 
that cell-bridges are usually present, the fine protojilasmic filaments 
passing through minute t)ores in the cell walls. This connection be- 
tween cells opens up large possibilities of mutual influence. Some of the 
consequences of it are pointed out later. 
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Finer Structure of the Cytoplasm. — ^Protoplasm occuib in so many 
differeDt forms, and undergoes so many changes during its normal activi- 
ties, that agroomont among careful students as to its intimate structure 
. was long delayed. With this debate the student is only partially con- 




Fm. 21. — Cell bridcMt or stranrls protoplnsm cnimortine thft oellf, in the akin of • 

fljiljiiiuimlcr. (A/ltr FUntminu.) 

earned. It seems now fairly safe to -say that the most common form of 
protoplasm is that of an e mulsio n. That is, it is composed of minute 
spheres of liquid or semi-liquid matter suspended in another hquid or 




Fig. 22. — Diagram of an emulsion, illustrating the physical structura of a very commoa 
kind of protoplasm. The apherae are olieott, the eubetanee between them the t'nlw^ 
aheolar mbsUmee. 

semi-liquid substance. A correct idea of the physical structure of pro- 
toplasm may be gained by imagining a quantity of marbles of various 
sizes poured into a vessel of syrup, and then supposing the marbles to 
become liquid without changing their relations to each other. The 
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marbles are entirel)^ separate from one another, being held apart by thin 

films of the syrup. It is not possible to pa.ss from one sphere to anoth^ 
without parsing through the supporting liquid; but all parts of the sup- 
porting liquid are directly continuous. These relations are shown in 
Fig. 22. Following the usual tcrnunology, the secaiate^sphcres are called 
alveoli , the supporting liquid tlniMiiS]!^^jf^^^^<'^ substance^ and the structure 
of proto{)lasin (or of any emulsion) is said to he alxeolar. 

Protoplasm has also Ijeen likened to a foam, and the term foRm is 
sometimes applied to it; but, strictly speaking, the alveoU of a foam are 
composed of a gas, not a liquid. 

The alveolar and interalveolar materials are probably not homogeneous, 
nor uniform in all parts of the cell. Although the interalveolar material 
k eontinuous, and semi-liquid, diffusion must be slow in it, so that in 
different parts of the cell it is composed of different substances. In like 
manner, the alveoli probably differ from each other, and there is no 
assurance that a single alveolus consists of but one substance. Henoe» 
although one sometimes speaks of the alveolar substance, *' and the inter- 
alveolar "substance," they are not so in the chemical sense. They are 
not the same thing always, they have no chemical identity. Protoplasm 
is always a mixture. Of what this mixture consists and something of 
its chemical nature is stated below. But it is important even at this 
stage to state explicitly that prot oplasm is living matter, not living «ud<- 
stance except as the term substance is used to meairmHtter. 

While the alveolar structure thus far desciibed is the usual one in the 
protoplasm, there are occa.sionally found appearances that indicate other 
ty|)('s of organization. Sometimes, even with the best microscopes, 
hving protoj)lasni shows no alveoli, hut appears to be entirely homogene- 
ous. In some examples of apparently homogeneous protoplasm, the ultra- 
microscope, by means of ol)li([Uc illumination agninst a dark background, 
has demonstrated a host of minute particles. Tins is taken to mean that 
the substance under examination is a colloid, that is, consists of multi- 
tudes of parLicles of greater than molecular size suspended in a liquid. 
But a colloid is thus in certain res|)eets not very ditlerent from the enuil- 
sion just described, and some of the properties of a colloidal mixture 
arc also those of an emulsion. Furthermore, from tlie colloidal nature 
of protoplasm that does not reveal an alveolar structure one may infer 
that at least the interalveolar substance of other protoplasm is prob- 
ably colloidal. 

Sometimes, and in some kinds of cells, fibers are also seen in the proto- 
plasm. In certain instances these fibers are undoubtedly distinct struc- 
tures immersed in the general emulsion. In other cases, as in dividing 
cells, they may result from a rearrangement of the alveoli. If the alveoli 
be placed in rows, the liquid between them will have the appearance of a 
fiber, an arrangement which is only temporary. Appearances must be 
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interprt ted with caution, however, for if an actual fiber is stretched 
through the emulsion tho alveoli near it must I>c arranged in rows. 
Experiments with artificial emulsions indicate that this rearrangement 
does occur. As pointed out below, the nucleus also shows undoubted 
fibers. Tlif se ol)scrvati()ns led, in the earl}' days of cell studios, to what 
were known as "filar" and "reticular" theories of prof n|)l."isniic struc- 
ture. These threatls are probably of importance, although their functiou 
is not well understood. 

Killed, hardened, and stained protoplasm usually reveal.s multitudes 
of granules. Those are coagulation products of the interalveolar material 
in most cases, the cut ends of fibers viewed on end in other cases, and 
sometimes cell inclusions. 

The bulk of protoplasm is, as has been seen, an emulsion. The spheres 
and the Uquid in which they float constitute what the physical chemist 
eaUs "phases" of a "system." Certain phenomena characteristic of 
such systems, particularly a variety of surface phenomena, are thus 
phenomena of protoplasm. The surface phenomena are intensified by 
the colloidal nature of the substances which are present even when the 
protoplasm does not appear to be an emulsion. Much of the activity 
of protoplasm is due to these surface phenomena. 

Finally, it should be made clear that protoplasm is in a liquid or semi- 
liquid state. Solid particles, except as cell inclusions, are unknown in it. 
It is plastic. Substances may dissolve and diffuse in it. These physical 
properties are important in the consideration of the physiology of proto- 
plasm, to be undertaken in the next chaj>tor. 

Structure of the Nucleus. — ^The nucleus differs, in its minutestructure, 
from the rest of the cell. It is enclosed within a thin membrane, called 
the nuclear memhrane (Fig;. 20, nm), which is differentiated out of the 
general yirotoplasm. Its comiKjsition appears to 1)0 not always the same. 
Within this membrane the bulk of the nucleus consists of a liquid, the 
nudear sap {ns), probably with various substances in solution . Stretched 
through this fluid is, in the most common cases, a network of tine, anasto- 
mosing filaments of a substance named linin (/). This substance stains 
only slightly, and is but dimly seen in most prepared cells. However, 
its position is made evident by another sui»>iaiice which is attached to, or 
imbedded i n. the linin. This substance is called chromatin (ch), from its 
high affinity for dyes . In stained cells it is very conspicuous, and gives 
the nucleus its color in such preparations. The chromatin appears in 
the form of granule or minute masses called ehromcmeres; sometimes 
these masses are conspicuously larger at certain places than at others, 
and are known as fwf-Jbfioto.^ 

The network of linin and chromatin is most commonly distributed 
throughout the nucleus without evident arrangement. Sometimes, 
however, it has a characteristic configuration. It may consist of a ribbon- 
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like band in spiral form, as in some cells of insects; of fi coarse rope-like 
strand surroiindctl by an occasional ring, as in the cells of the salivary 
glands of midges; or it may be so compact as to conceal all appearance 
of a network, ;is in many of tlie Protozoa. 

The t-h rouiiitin is the most important constituent of the nucleus, 
and indeed of the whole cell. It deternunes to a large extent, as is shown 
in sul)seqiipnt chapters, the nature and activities of the cell. It is not a 
uiiilunii material, but is difTcrentiated into a numl)er of chemically differ- 
ent substances. Thesi^ difTerent components are arraiiged in definite 
order in the chromomercs distributed along the linin network, and 
mechanisms operate in the division of cells and in the origin of ri^pro- 
ductive cells to maintain this order, or to change it only in limited 
fashion. 

Some niielei containi in addition to the sap and the network of linin 
and chromatin, a nttd£oltt8 (nl). Two or more nucleoli may be present. 
They are rounded bodies that stain readily, but in a manner different 
from the chromatin. Nucleoli are therefore not to be confused with net- 
knots, which are sometimes unwisely called nucleoli. The nature and 
function of the nucleolus, when it is present, are not understood. Some 
biologists have regarded it as a waste product; others have held it to be a 
reserve supply of materials used in cell division, since it disappears during 
that pn)ce.ss; and recently it has been regarded as a reserve food supply 
for the nucleus. 

Chemistry and Physics of Protoplasm. — ^Not less import ant than the 
structural features of cells is the chemical composition of their proto- 
plasm. This composition is so complex, however, that it must be de- 
scribed in rath<>r general terms. It appears that the following plemonta 
are always present in every cell: carbon, hydrogen, nitrogen, oxygen, 
phosphorus, sidphur, sodium, potassium, magnesium, calcium, iron, and 
chlorine. In additicm to these, aluminium, silicon, manganese, copper, 
fluorine, brf)minc, and iodine arc sometimes present. These lists apply 
to the c(^ll as a whole. W lien different portions of the cells are considered 
by themselves, it is possible to reduce the number of elements somewhat. 
Thus, it ib commonly stated that the only elements always found in 
protoplmm (not cell) are carbon, hydrogen, oxygen and nitrogen; but 
that often phosphorus and sulphur are likewise present, Such state- 
ments, however, probably ignore the salts dissolved in the liquids of the 
protoplasm. It is unlikely that these salts are ever wholly lacking. 
However, since it is not the presence of certain elements, but the ways in 
which they are combined, that make protoplasm what it is, it is not impor- 
tant to agree on either the minimum or maximum number of elements 
that enter into its composition. 

Proteins. — The principal constituents of protoplasm are substances 
of the class called proteins. Thcflc sulistances are abundant in lean 
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meat, eggs, hoans, and similar foods. Proteins are coinpoiinds of what 
arc known as amine )-acid.s, substances in which the NH2 group and the 
COOII radical arc always present. Thus the proteins contain the four 
elements carbon, hydrogen, oxygen and nitrogen, which are often named 
as the only elements necessarily present in protoplasm. In fact, the 
oecurrence of all of these elements in every amino-ftoid, and hence in 
every protein, Is the reason for naming these four elements as the minimum 
content of protoplasm. No chemical analysis of actual protoplasm 
ever yidds these elements alone. 

The amino-acids are combined with each other in various ways, 
.with elimination of water, to form proteins. Other substances not in 
the amino-acid class may also enter into the composition of proteins. 
Since there are vasaxy kinds of amino-acids, and many kinds of other sub- 
stances which may combine with them, the variety of possible proteins 
is numerous. Nearly all the proteins have huge molecules, composed 
of hundreds or even thousands of atoms, and the arrangement of these 
atoms is always comply It has boon impossiljlo, up to the present 
tinip, to determine this arrangement for any but the simplest proteins. 
Structural formulas, by which tlio chemist aims to portraj', not only the 
numhor f>f oach kind of atom in the molecule, but also the position of 
these atoms relative to each other, are commonly usetl for inorganic 
and simple organic compounds. These structure] formulas are tlerived 
from a knowledge of the behavior of the compound in reactioris, and 
are designed to express that behavior. The absence of structural formu- 
las for most of the proteins means, not that they have no molecular 
structure, but that the structure has not been discovered. Ignorance 
of their structural formulas is mute testin»ony to the couiplexity of those 
compounds. 

Certain proteins, owing to their importance in vital processes, may 
be mentioned more particularly. The chromatin of the nucleus, which, 
as stated above, serves as a sort of cell-governor, is composed of nudeo* 
proteins. These are compounds of nucleic acid and some other sub- 
stances, and are characterized by an abundance of phosphorus. In view 
of the importance of chromatin in life processes, some one has said, 
figuratively, that we are what we are because of the phosphorus that is 
in us. ^The composition of the chromatin can be studied in quantity, 
because it ^rieaists peptic digestion; so that, when the cell bodies are 
dissolved away by the pepsin, the nuclei may be collected as a residue) 

The complexity of protoplasm, which is largely a mixture of proteins, 
is necessarily much greater than that of any one protein. Protoplasm 
cannot, of course, have a structural formula, since it is not a substance 
in the chemical sense. But the uncertainty with regard to the nature of 
any one protein is small when compared with the ignorance which sur- 
rounds the nature of the protoplasm in its entirety. It will not occasion 
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f surprise, tlioroforo, if in the following; chapter the activities of protoplasm. 

must !n stated with caution and reserve. 

Lipoids. — The term lipoids is applied loosely to a certain fjroup of 
substances whose chemical and pliysical properties resemble tliose of 
fats. They are often sticky and waxy in consistency. The lecithins are 
some of the very common lipoids, found in quantity in the yolk of eggs; 
cholestcrin is also usually included in this cla^ of substances; and there 
are many others. 

The structure of the lipoid molecule is simpler than that of the 
proteins, and in many cases it is well understood. Thus the lecithins 
are eompomidB of glycerophosphoiie add, substituted by two fatty 
acid radicals, with a base called choline. Since there are many kinds 
of fatty acids with which' to make the substitutions mentioned there 
are also various kinds of lecithins. Although the lecithin molecules are 
large, containing often a hundred atoms, their empirical formulas (stating 
merely the number of atoms of each of the elements present) have been 
definitely determined. Moreover, their chemical relations are so well 
understood that there is no hesitation in ascribing to them definite 
structural formulas. 

The principal elements in the lipoids are carbon, hydrogen, and oxygen; 
but phosphorus and nitrogen are often also present. On the whole they 
tend to lower the surface tension of cells, and therefore for reasons which 
cannot be explained here collect at the surface, forming part of the cell 
membrane 

Carbohydrates. — These substances are composed of carbon, hydrogen, 
and ox^'gen, and no others. The liydropen and oxygen atoms are charar- 
teristicfilly yirescnt in the ratio of 2 to 1, as in water. From this latter 
fact ( umes the name carbohydrate, which inijilies that the substances are 
hydra t<»s of carbon. Ordinary cane sugar, glucose, the various st an hes, the 
celluUjse of which cell walls are composed, and others are carltohydrates. 

The soluble members of this class, us the sugars and uUied substances, 
may exist in any part of the protoplasm, and may diffuse readily from one 
part of a cell to another, or from cell to cell. The insoluble carbohydrates 
are stored as solid particles in tiie cells, as glycogen (animal starch) in the 
liver and muscles, or starch grains in plant cells. 

Pats.— The fats and oils are compounds of carbon, hydrogen and oxy- 
gen, as are the carbohydrates; but oxygen is usually less abundant than 
in the starches and sugars. Chemically the fats are compounds of glyc- 
erol and one or more fatty acids. They are not soluble in water, and 
are not thus capable of diffusion through the general protoplasm, but 
are stored. Most cells contain small quantities of fat in the form of 
droplets, while in the larger animals connective tissue may be heavily 
laden with it.^ 

^Further charscteriiation of proteins, caibohydrotes and fata is given in the next 
chapter. 



Digitized by Google 



MORPHOLOGY OF THE CELL 



41 



Salts. — Substances which, in solution, are capable of conducting an 
electric current and of being decomposed by the current, are called 
eUetrolyteB, When dissolved, their molecules dissociate into atoms or 
groups of atoms caUed ions, which bear positive or negative electrical 
charges. In protoplasm, the salts of sodium, potassium, magnesium, 
calcium, iron, manganese, and others are electrolytes. The nitrates, 
chlorides, sulphates, phosphates, and carl^onates of these metals are very 
commonly present in living matter. The majority of them are highly 
soluble in ordinary liquids, and diffuse through the general protoplasm, 
.where they serve important functions in life processes. 

Protoplasm a Colloidal System.— When a substance in solution is 
divided into particles which are too minute to be nsiblc even with an ordi- 
nary microscope, but which are still greater than molecules, that substance 
is said to be in a colloidal state. It is scarcely to be regarded as in solu- 
tion. The presence of the particles can be detected with the ultra- 
microscope, by means of difTracted hght, against a dark ground. Owing 
to the size of the particles, the sulxstance does not difTuse through mem- 
branes of piirciuncnt or collodion. A colloidal Rul)stance may chiinge 
readily and repeatedly from a liquid to a solid or viscous state, and 
return ^ain to the liquid state. Other properties of colloids, which can- 
not be listed here, are due to the faet that the surface of contact be- 
tween the dissolved substance and the liquid solvent is ^ormously in- 
creased by the division of the former into minute parts. Protoplasm is 
a colloidal mixture, and a study of its general physiology shovrs that 
many of its most characteristic properties are dependent upon that fact. 

The Terms Cell and Protoplasm. — In describing the cell doctrine and 
the structure of cells and protoplasm, the composition of animal bodies 
has been treated in a manner pwhaps so inclusive as to cause confusion. 
Lifeless materials have necessarily been included in this account at 
various places. Recognition of their non-living condition may lead the 
student to inquire how many of the features described are really com- 
ponents of the c^ or protoplasm. 

The matrix of bone and that of cartilage, as has abeady been pointed 
out, are non-living cell products. So are the fibers of common connective 
tissue, and the bulk of hgaments and tendons. Rut these structures are 
all intercellular. When non-living things are found imthin the cells, it 
is not always easy to decide whether or not they should be regartled as 
parts of the cells. And if they are parts of the cell, are they parts of the 
protoplasm? Opinn>n would probably differ in many cases, and the 
question m;iy in some in.'?tance8 be purely academic. 

Non-hviiig materials that have been taken into a cell, whether by 
accident or during the coufse of its ordinary activities, may be excluded 
at once. Such materials are the undigested shells of organisms taken 
in as food, or solid objects accidentally ingested with the food organisms. 
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Probably cvon the food, while still undigested, should be regarded as 
extraneous matter 

Substances jjrothieed by the eell, on the oontrary, such as starch 
grains or fat droplets serving tus stored food, or tlie pellicle or wall seeret^ed 
around tiie cell by the protoplasm itself, though not living matter, may 
properly be regarded as constitucnUi of the eell. In delining the seope 
of the term protophi,sin, even these intracellular products must probably 
be excluded. Anything that ciiters readily into the physiological activi- 
ties of an organism may well be regarded as part of its hving substance. 
Although stored starch and fat may affect the life processea, they have, 
to be digested first, and there seems no reason why they should be 
included under the designation protoplasm when similar foods taken in 
from other sources are excluded. The cell wall, while possibly affecting 
Jife processes in many ways, does so only in a mechanical fashion, which 
scarcely entitles it to be included in the protoplasm. 

Among the chemical substances found in protoplasm, it waa once the 
tendency to regard the proteins as the living substance par exedlenee. 
The reason for this was doubtless the fact that the proteins form the 
bulk of protoplasm. But horns do not usually constitute an orchestra, 
even though they may outweigh and outvibrate all the other instruments. 
Though the activities of the proteins are of great moment, some of the 
other substances appear to be of much imp)ortance. The lipoids, once 
regarded as food material, are now known to enter into the constant or 
frequent functions of cells. As explained above, they tentl to collect at 
the surface of the ceils and many hav<' supposed that they help to de- 
termine the behavior, particularly the permeability, of the cell mem- 
brane. Doubtless also the soluble carbohydrates influence the reactions 
of the protoplasm, but little that is delinite cau be said of tlietn. 

Wliether the salts are part of the protoplasm, or in effect merely a 
medium in which j)rotopla8ni works, is perhaps immaterial t-o ilecide. 
The electrical charges l)orne by their ions are believed to play a role in 
certain phenomena, and the elements composing them must enter into 
many of the reactions of the proteins and lipoids. 

Further consideration of this question would, however, lead far into 
the subject of cell physiology, the wide connections of which require 
treatment in a separate chapter. 
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CHAFTEH III 

PH7SI0L0GT OF CEUS 

Physiology treats of the funrtions or activities of livinp; matter, 
that is, of the processes that arc going on in the Hving suhstance, the 
part that each Htriicturc plays in the life of flic organism, and tlie manner 
in which the organism as a whole lives and rcsjKjnds to the conditions 
of its environment. The general field of phx-^iology may be variously 
subdivided, but the scheiiie followed in (his Uook divides the subject 
into two parts, namely, physiology of the cell, and pliysiology of organs. 
Cell physiology, to which the present discussion is devoted, treats of 
the processes fundamental to all living matter, and nince living matter, 
or protoplasm, is always arranged in the form of cells which occur singly 
or in aggregates a diflcuasion of the f unctioiial relations of the parts of the 
cell to each other is included. 

Physical and Chemical Processes of living Matter. — ^Physiology is 
coming to depend more and more upon a knowledge of physics and 
chemistry for the solution of its problems. For this reason some of the 
topics usually^ studied in connection with those sciences are introduced 
here. These topics include diffusion, osmosb, the behavior of isotonic 
or isosmotic solutions, and the properties of true solutions and colloidal 
solutions. 

Diffusion. — ^If two or more gases are placed in a container the mole- 
cules of each g^is raipidly disperse. This dispersion continues until each 
gas reaches the limits of the container and becomes evenly distributed 
within the enclosed space. This action takes place without regard to the 
force of gravitation. The phenomenon of dispersion of the molecules 
of one substance among those of another substance is callfd diffusitni. 

If a crystal of common salt is dropped into water, minute particles 
of i hv salt sej)arate from t he crystal and, either as molecules or an ion.s into 
which iimlecul(!s may dividi-, disperse until they are evenly distributed 
tiiroughout the water. This also i.s diffusion. If a lighter liquid that is 
misrible with a heavier liquid is poured over the hfvivier liquid, cnrc 
being taken not to mix tliem during pouring, particles of the heavier 
liquid notwithstanding its greater weight will ri.se into the lighter until 
there will be a homogeneous mixture of the particles of the two liquids. 
This process again is diffusion. The rate of diffusion of gases into each 
other is mpid, but that of a solid into a liquid or of a liquid into a liquid 
is much slower. Even particles of some solids which have been brought 
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into contact with one another may difTuse to an appreciable extent 
provided tlie suriaces of the soHds have been long enoufjh in contact. 
The niixtiires resulting from thf^ HifTusion of Bolids into liquids or solids, 
or of lititiids into liquids, are known aa soluiions. When a solid i« dis- 
solved in a liquidi the liquid is called the solvent, and the solid the 
soliUe. 

Osmosis. — As was said in the discussion of diffusion, miscible liquids 
diffuse into each other so that a homogeneous mixture is fmaiiy formed. 

If a semi-permeabift membtanc, by which is 
meant one that ia permeable to solvents but 
more or less impermeable to dissolved substan- 
ces, be interposed between water and a sub- 
stance dissolved in water, it may be noted that 
the water passes through the membrane while 
the passage of the substance in solution occurs 
less readily, or not at all.^ Animal membranes, 
such as the tissue of the urinary bladder, often 
do not even approximate the characteristics of 
an ideal semi-permeable membrane, yet they 
usually resist the passage of eei tain substances 
through them. If a piece of bladder is stretched 
over the open end of a funnel containing sugar 
sohitif)n, and the funnel is invert<'d in a dish 
of j)ur(> water (Fig. 2'.i) the wafer will pass 
~~ ^ through the nKMnhrnne eausing the solution to 
rise in the iul)e. and t^oine of the sugar may pass 
through to the water of the dish. The rise of 
solution in the tube is a measure of a pressure 
„ „„ ^. , existing in the sugar sohit ion. Tiii.s i)rcssure in 

Fig. 23. — Dincrnm of , . 

apparatus used to iiiustiato the solutiuu i.s kuuwn US ositioUc pressure, and is 

?:rtv^"';::*''.:nta!a° d"- f"' °f molccules of sugar dfa- 

membrane and containing a perscd through the watcr. 
F.' vii^i 3r.^ Osmotic pressure is in fundamental respects 

not unlike gas pressure. As stated above, when 
a gas is placed in a closed chamber the molecules of the gas quickly 
disperse to fill the whole chamber. When dispersion is checked 
the walls of the container, pressure is exerted upon those walls and 
throughout the gas. The nature of the mutual repulsion of the 
molecules of a gas need not be discussed, but the resulting expansion 
of the gss, and its pressure against any object preventing expansion 

» Ideally a scmi-penneable membrane does not pennit the paasage of diseolved aub- 
staneee at all. Since, however, an ideal eemi^pemienhlc membrane probably <k>es not 
exist, the term Is loosely applied to membrane« which greatly rH:ir>l tlu- passage of 
subatanoes in solution and tbua approximate the requirements of tbe definition. 
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and against other portions of the pas itself arc matters of common observa- 
tion. In like manner, when a sul)stanee is dissolved in water, the mole- 
cules or ions of the dissolved substance sj)r<vid through tiie liquid until 
the limits of the liquid are reached. The li(iui(l in this case sets the limit 
of dispersit)n of t he diffusing substance. in the case of the gas, pressure 
Is exerted by the molecules and ions of the solute at all points within the 
solution. This pressure is what is called osmotic pressure. At a given 
temp<Tature, the intensity of osiiiotic pressure depends ujion the number 
of molecules and ions present per vohune of the solution. Diluting 
a solution thus decreases the osmotic pressure. All the dissolved 
particles, regardless of size, whether molecules or ions, exert the same 
osmotic pressure, so that a substance which ionises (that is, one whose 
molecules in solution divide into ions) to a hirge extent 
at a given concentration exerts a greater pressure than 
does another substance which ionises to a lesser extent at 
the same concentration. 

In the sugar solution referred to above and in Fig. 23, 
the molecules of the sugar exert a certain osmotic pres- 
sure. Were they free to pass into water surrounding the 
funnel they would do so, and the concentration (and 
hence tlie osmotic pressure) would be everywhere re- 
duced j but the bladder, being approximately a semi-per- 
meable membrane, largely prevents the passage of the 24.— 
sugar. However, water passes into the sugar solution, niagram nimw- 

and dilution of the solution with the eonsetnient lowering '"^ a plant roll 

' as a bog ©I pn>' 

of its osmotic i)ressure results just as if the sufjar mole- toplann anoBMd 

cules h ui i)ass.>il out of the funnel. The passage of water InSt^nrfloi'^ 

and other subsl-inccs through membranes is known as tioa in a vacuole 

osmosis. Osmosis occurs in all living cells, and is an im- ^' 

' protoplasm; V, 

portant feature of life processes. In higher animals, as vacuole; W', wall, 
is pointed out in a later chapter, it has much to do with 
the absurptiun of nutrient materials, with respiration, and with iho 
cUmination of wastes in excretion. 

Isotonic or Isosmotic Solutions. — Since in a plant cell the protoplasii. 
occurs in the form of a bag encased in a cell waD and enclosing a solution, 
as shown diagrammatically in Fig. 24, such a ceil may be used to compare 
the osmotic pressures of two solutions. The cell wall is permeable, 
but the protoplasm acts like a semi-permeable membrane. The effect 
of the solution on the cell can be observed under the microscope* If the 
cell contents shrink it is known that water has been withdrawn from the 
cell. If such cells be immersed successively in a series of solutions of 
very slightly different osmotic pr^sures, some of which cause shrinkage 
of the cells and others do not, the solution with the greatest pressure 
which does not cause shrinkage exhibits the same osmotic pressure as 
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the cell contents, and said to be isotonic or isos/notic with the coll con- 
tents. If a second solution is made isosmotic with the contents of the 
cell, it is ulao isotonic or isosmotic with tiie first solution. 

Theories in explanation of osmosis, of the function of the membrane, 
and the letarding effect of the m^bmie upon the passage of substances 
in solution are numerous. None are wholly satisfactory and much needs 
yet to be discovered concerning various phases of osmosis. 

Truft Sohstiom and the CoUoldal State.— Substances placed in 
water or other solvents behave very differently from one another. In 
some substances the molecules separate from each other, and in many 
of these substances some of the molecules dissociate into ions. Such 
mixtures are known as true aoluiwna. In a true solution the largest 
particles of the dissolved substance are single molecules. Most of the 
conunon salts, as sodium chloride, potassium nitrate, or magnesium 
sulphate form true solutions in water. Sometimes salts in solution form 
chemical compounds with water, but in such cases the molecules, although 
larger, exist in true solution. 

Other siibstanf cs in water do not separate into their single molecules, 
but into particles (^;!f h of which is a plivsical a^^ro^atc of molecules. 
White of egg, gelatine, agar-agar and guiu aruhic are Hul>stances which, 
in water, exist in such molar aggregations. While these mixtures of a 
liquid and particles of greater than molecular size are sometimes called 
solutions, they are not true solutions. The "(hssolved*' substance is 
more {)roperly said to he in a colloidal condidon. Some substances may 
exist cither in a true solution or in the colloidal sta(<% depending in part 
on the solvent employed. Thus gamboge, u resinous substance, is 
truly dissolved by alcohol, but enters the colloidal condition when the 
alcoholic solution is poured into water. 

True solutions exhibit an osmotic pressure whereas substances in a 
colloidal state show only a very low osmotic pressure or none at all. 
Colloidal systems involving water as a "solvent" also differ from true 
solutions in their affinity for water, in their electrical conductivity, and 
in a variety of "surface phenomena.'* The latter phenomena depend on 
the great amount of surface between the aggregations of molecules of 
the contained substance and the liquid in which they are held, but can 
not be further explained here. 

AppUcatloa to Living Organisms. — Protoplasm, as pointed out in 
the preceding chapter, is a colloidal system, and has the projierties 
l)elonging to such a system. Many of the fundamental characteristics 
of living matter are due to the colloidal nature of the protoplasm, though 
only a few of them can be referred to in this book. Al)sorption and 
secretion, for example, as described in ( liapter Vll, arr lar<!;cly dependent 
upon the colloidal nalun- of the prolojjlnsm. Colloidal systems may 
serve as semi-permeable membranes (in:i perfect ones, ol course), and the 
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protoplasm of cells shares in thi^ ponoral characteristic. Cell nieiii- 
brancs act dilTerently, in this regard, from the Hoopor protoplasm nf 
the cell. An animal or plant tissue beinj]^ roin posed ul cells is thus made 
up of a multitude of minute semi-permeable membranes which, function- 
ing alike, serve in the aggregate as a larp^e meaibrane. Through the 
membranes of the body osmotic int^rr liange of substances between 
solutions of various sorts is continually taking place. 

Scmi-permeable membranes compo.sed of Ufeless material (dead animal 
tissues or collodion films, for example) umst always act in the same man- 
ner under a given set of external conditions. living cell membranes, 
however, do not alwajrs act thus, nor do the cell membranes of various 
sorts of cells act alike. A membrane of living cells at one time permits 
the passage of certain substances and prevents the passage of others 
which would pass through dead membranes without difficulty. At 
other times some of the substances which formerly were denied passage 
are permitted to pass. It is evident that the cell membrane is capable 
of selecting (not consciously, of course) what substances shall pass 
through and what shall be denied passage, and furthermore that this 
selection may be varied. What is the cause of this variation in selection? 
The usual answer is that there is a change in permeability. The change 
in permeability is due to smne change in the colloidal matter of the 
protoplasm. In some case^ many have thought that some of the 
lipoids are removed from the surface layer and this induces j^reater 
permeabihty. The character of these changes and their rnn«f\s are still 
subjects for investigation. It is known that in living protoplasm many 
of the colloids may be changed repeatedlv from a liquid to a semi-solid 
condition and back to liquid again. This reversibility of coagulation of 
protoplasmic colloids may be of great importance in the chemical 
proces>ses of the cell. 

Metabolism. — The protoplasm of the cell ciirries on all the general 
processes of the living body. Within the cell occurs a multitude of 
complex chemical reactions by which the protopUism maintains and 
renews itself, and produces more protoplasm. Protoplasm digests food 
and for this process secretes various chemical subetimces. When food 
is broken down into simpler substances during digestion it jb absorbed 
and assimilated, built up into the living substance itself or perhaps is 
combined with oxygen for the production of heat and motion. Proto- 
plasm also respires, gets rid of waste materials by the process of excretion, 
grows, is capable of movement, and responds to changes in external 
conditions, or exhibits irritabihty. The chemical processes involved in 
all these activities of protoplasm are included under the one term 
metabolism. 

Metabolism may be defined as the sum of all the cherTiical processes 
carried on within the organism. Perhaps also the contributory physical 
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phenomena should hv included in the definition. From the brief ac- 
count of the activities of protoplasm outlined above it is obvious that 
metaboUsni may be divided into two phases, namely, the constructivo 
phase or (iimbolisvi and the destructive phase or cataboHsm. Anaholism 
includes all the processes concerned in the growth and repair, or up- 
building of protoplasm. It properly includes all processes of synthesis 
by which substances are transformed into reserves of food. Catab- 
olism, on the contrary, includes all those processes opposed to 
anabolism. These are the processes by which protoplssm is broken 
down and the waste products eliminated. Both anabolism and catab- 
olism are continuous processes and both are of great importance. As 
long as anabolic processes are in excess of catabolic processes growth 
continues; but when catabolic processes are in excess the reverse of 
growth takes place. Thus in progressive emaciation due to starvation 
or under-nutrition catabolism is in excess of anabolism, reserves of food 
(carbohydrates and fats) are being consumed, and body weight decreases. 
It is a relatively easy matter to define the two phases of metabolism 
and to use the terms anaboUsm and catabolism in a general way, but 
it is a more difficult matter to apply the terms to specific processes. 
Some of the aspects of metabolism barely touched upon in the foregoing 
disc'!ssi(»Ti nre '■onsiderod fnrtlior. 

Intake and Preparation of Substances.— Since the niatf ri:il intake of 
plants and that of all but a few simple animals is very dilferent, and 
since aidmals are wholly dependent directly or indii-ectly upon plants 
as a source ol food, the intake of substances in plants is considered lirst, 
althoiip:h it is not desirable to separate from it entirely the subject of 
animal fi iidf?. 

Intake in Plants. — Something in regard to the materials which plants 
take in may be learned by finding out the elements which compose their 
bodies, and the materials which they give oflf. Analysis of the dried 
substance of green plants shows that they always contain carbon, hydro- 
gen, oxygen, and nitrogen. From the ash or burned bodies of plants 
sulphur, phosphorus, potassium, magnesium, calcium, iron, sodium, 
chlorine, and silicon are always recovered. Iodine, bromine, fluorine 
and many other elements may be found in the ash at times. All the 
elements used by the plant must be secured from the air, from water, and 
from the soil solution or the Solution (for example, sea water) in which the 
whole plant is immersed. By experiments in which lugher green plants 
are grown in water cultures containing known eubstan < in solution it 
has been determined that these plants have a certain minimum chemical 
requirement and that if any of the required substances are not available 
normal development is impossible. These necessary elements are car- 
bon, hydrogen, oxygen, nitrogen, sulphur, phosphorus, potassium, 
calcium, magBesiuwi and iron. £xcept oxygen, these elements afe never 
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used by the plants in their uncombined form, but as compounds. The 
carbon, except in plants that get material already elaborated by other 
organisms, is derived from tho carbon dioxide of the air. Ilydrogon 
and oxygen are utilized in t}i<^ form of water, and oxygen is also secured 
uncombined from the air or from solution in water, and combined in 
many salts and oxides. Nitrogen is utilized by most plants in the form 
of nitrates. Lower plants, as fungi and certain algse, and some of the 
carnivorous planiH secure nitrogen in other forms. One of the chief 
sources of nitrogen is ammonia (NIIj) which is one of the products of 
the baet<»rial decomposition of organic material, that is, the bodies of 
plants or animals, or animal excrenient. Ammonia is not, however, 
used as ammonia by green plants. The nitrogen of ammonia is made 
available to green plants through the action of certain bacteria which 
transform the ammonia into nitrites while other bacteria transform the 
nitrites into nitrates. As nitrates the nitrogen can be utilised by green 
plants. In addition to these bacteria certain other species, of which 
Asotobaeter is an example, are capable of fixing free nitrogen from the 
air, that is, of converting it into chemical compounds, and thus making 
it available for use, not only by these bacteria but also by green plants. 
Certain species of nitrogen-fixing bacteria live in symbiotic relation with 
leguminous plants, as beans and clover, forming nodules on their roots. 
These bacteria fix more nitrogen than they can use for themselves and 
this is available for the green plant. Sulphur is taken into the plants as 
sulphates; phosphorus in the form of phosphates; potassium, magne- 
sium, calcium, iron and other elements in the form of various salts in 
solution. 

Photosynthesis.— Cnrhon is an essential part of all living matter. 
Its sniir( ( for green plants is the carbon dioxide of the air, or for sub- 
merg(»d {)iants the carbon dioxide dissolved in the water. The carbon 
dioxide is di rived from tlie oxidation of organic matter. Carbon dioxide 
dissolved in water diffuses through the out^r layer of protoplasui ol the 
plant cell and is taken up by tiie chloroplasis, the j?reen plastids of the 
cell. In these chloroplasts is a green substance known as cMorophyll, 
with two accompanying yellow substances carotin and xanthophyll. The 
chloroplasts are the factories in which the carbon dioxide is transformed 
into carbohydrates. Hie raw materials used are carbon dioxide and 
water, and the energy for the operation is derived from light, ^or the 
manufacture of carbohydrates four requirements must be met, namely, 
the factory^ the two kinds of raw material, and the energy. There can 
be no carbohydrate manufacture in the dark, nor without carbon dioxide 
and water, nor (with a few exceptions) in the absence of chlorophyll. 
It is known that several ensymes (see below) also play a part in the 
production of carbohydrates. It has been shown that the red, orange, 
and yellow rays of the spectrum are most effective in the process, while 
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blue is ineffective. The production of carbohydrates in this manner is 
called photosynthesis, literally, construction by means of light. 

The first substance that can be readily identified in the process of 

phnto«\iithesis is glucose, CgHnOe. Various suggestions have been 
olicrcd for tlie intermediate sleps which ocrur in tlie formation of glu- 
cose. One of these is that llie carbon dioxide and* water unite to form 
carbonic acid wiiich is in some way reduced, perhaps to formic acid, and 
the formic acid is then reducjcd to formaldehyde. In this process oxygen 
is set free. The molecules of formaldehyde then unite to form glucose. 

The loinmlas for these reactions may be written 
thus: 

COs + H90^H.C0OH (carbonic acid) (1) 

OH.COOH - 0, = H.CHO (formaldehyde) (2) 

By a rearrangement 6(H.CH0) becomes 
CbHizOj or glucose. By the condensation of n 
molecules of glucose and the elimina lion of n — 1 
molecules of water, the ghu-o.^-e is changed into 
starch. Thus, approximately n (CelligOe) — (n — 
1) (H2O) = (CeHioOe) n, the formula for starch. 
Glucose may be changed into other sugars, espe- 
cially maltose (C11H22O11), und the latter nuiy be 
changed into starch. The sugars arc soluble and 
in some plants may not be transformed into starch. 
Starch is insoluble and is temporarfly stored in the 
form of starch grains in the chloroplasts. It is 




Fio. 26.— Method <>f 
eollectitiK oxygen pro- 
duced by the aciuatic 

photW^hMil ^^he readily reconverted into a soluble carbohydrate 

oxyu u rises froiii the (giueoflc) and in this form may be transported to 

plant into the clottcd end , ^ . . , 

of th« tost^ube. Other parts of the plant where again it may be 

converted into starch and stored in leucoplasts, or 
the glucose may be converted into cellulose, a form of carbohydrate 
UBf;d in cell walls. 

The oxygen released in the formation of carbohydrates, as in equation 
(2) above, may be readily recovered and tested, particularly if water 
plants are used for the experiment. In such nn experiment the cut ends 
of a water plant, as Elodca, are inserted in a test tube filled with water, 

the plant and tube are immersed in water and then the tube is inverted 
(Fig. 25). When the ])hints are placed in sunlight l)uhhles of gas escape 
from their cut ends and collect in the tube. The usual tests show the 
gas to be oxygen. 

Protein Synthesis. — Proteins are formed by the linkage of molecules 
of various substances known as amiiM-uctds. These acids all i><>>s< ss 
one or more carboxyl groups of atoms (COOH) which give the acids their 
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acidic properties, and one or more amino radicals (NH^) which give 
them basic proporties. A simple example of an amino-acid is alanine, 
whose structural formula is 

CH, - CH - COOH 

I 

NHs 

About twenty dillerent amino-acids have been derived from proteins, 
all capable, because of their NHj and COOH groups, of acting either as 
bases or as acids or as both at once. The amino-acids readily combine 
with one another, the amino radical of. one and the carboxyl group of 
another serving as the point of combination, thus: 

-CO(OH H)NH- 

A molecule of water (HsO) is lost, and the bonds which formerly held the 
—OH and H— of the resultant water to their respective molecules of 
acid now hold these two molecules together, the point of union of the 
two molecules being represented as 

-CO - NH- 

The two molecules thus joined may be of the same amino-acid, or of 
two <Hfror(>nt acids. Thus, from twenty amino-acids, a considerable 
nunihf] cf new substances could be produced, even if tiie acids were 
combined only two at a time. However, the variety of combinations if? 
not thus hmited, for several or many molecules may be joined, and each 
molecule may be of a dififerent acid, or the various acids may be repre- 
pented in different proportions or the arranj?ement may var>'. Further- 
niuiv, otlicr substances than ainino-acids may be joined to the combined 
product at variDUS points, so that the variety of substances that can 
conceivably be created wholly or chiefly of amino-aeids is almost un- 
limited. Add to this the fact that the arrangement of the molecules of 
the adds in the combined product may be different in different cases, 
owing to the fact that unions may often be made at any one of several points 
in the molecule, and the diversity of the possible aggregations is greatly 
multiplied. Other circumstances could be named which would lend stiU 
further emphasis to the fact that from a comparatively small nurnb^ 
of aminoHicids an enormous number of compounds may be produced, 
but the diversity of possible amino compounds has already been 
sufficiently indicated. 

From such combinations of amino^ids and other substances all the 
proteins of plants and animals are constructed. This statement is not 
purely hypotliesis, for the construction of polypepUdeSj as the compound 
substances described above are called, out of amino-acids, and the careful 
decomposition of proteins, have been carried to a point at which they 
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meet. The brilliant work of Fischer and others in the tynth&aa of 
polypeptides has resulted in substances which are identical viitk substanees 
that may be derived by the hydrolysis of natural proteins. Whether 

synthesis may ever be carried so far as to produce substances identical 
with the natural proteins themselves eannot be foretojd ; but already the 
synthetic work has yielded a large portion of thesecretof protein stnioturo. 
The importance of this revelation will become apparent in a later chapter 
when the digestion of the proteins is discussed. For in the process of 
(Jigestion, by a process the reverse of Fischer's synthesis, that is, by hydroly- 
818 or the nddi tion of water, the protein molecules are dissociated into their 
amino-acid components. 

The sources of the amino-aeids from which tlie protein^ of organisms 
may f )o must ructed remain to he mentioned. Animals are almost wholly 
dependent upon Other uiiimals or upon plants, whose proteins ihey digest 
(hydrolyze) into amino-acids. Plants, on the contrary, are capal)le of 
synthesizing ainino-aciils from soluljle carbohydrates and nitrates. The 
substitution of amino radicals (NHj) for OH radicals of the carlwhydrate is 
suggested as a step in the process. Fatty acids derived from fats may also 
be employed for similar amino substitutksns. 

Fat FoRnatiofi. — Fats are compounds of a basic substance glycerol 
(glycerine) and vartotis of the higher fatty adds. Glycerol has the 
formula 

CH,-OH 

I 

CH-OH 
I 

CH,-OH 

and all of the OH radicals are readily replaceable by fatty acids. The 
principal fatty acids in animals are palmitic, stearic, and oleic. The 
formula of paimitic acid, for example, ignoring the structure in part, is 

CHa - (CHOu - COOH 

The H of the carboxyl group at the right is readily replaceable by the 
glycerol. If all three of the OH radicals of glycerol are substituted by 
molecules of palmitic acid, three molecules of water are lost andasub> 
stance called tripalmitin is produced, with the formula 



CH,- 


(CHO14 


- COO 


- CH, 


CH,- 


<CH,)h 


- COO 


1 

- CH 

1 

- CH, 


CH, - 


(CH,)i4 


- coo 



The substitutions need not all be made with the same acid, but may 
involve two or three different acids. Thus a variety of fats is possible 
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Theformula^of theacid and fat just given are not in themselves important 
in this connection, but that fats are eoinpfsed of glycerol and three mole- 
cules of fatty acid, and the method of combizung these molecules, should 
be rernenibered. 

The glycerol conijxjnent of fats is readily produced in the organism 
from tiie carbohydrate glucose. The fatty acids are also undoubtetlly de- 
rived, direetly or indirectly, ii urn carbohydrates. The details of neither 
process need be considered here. In animals both glycerol and fatty acids 
may be derived from fatty food, since in digestion as pointed out in Chap- 
ter VII the process of synthesis above described is reversed, and by hy- 
drolysis (addition of water) fats are broken up into their components. 

Foods for Plants. — Carbohydrates, fats, and proteins constitute the 
foods of plants. For purposes of building up protoplasm plants cannot 
make use of carbon dioxide, oxygen, water, and inorganic salts until 
these have first been combined within the plant into organic compounds. 
These inorganic substances which the plant takes in and uses as raw 
materials in the process of food manufacture may be called nutrient sub- 
stances hut not foods. The term foods must be reserved for the organic 
substances which the plant uses in building up protoplasm. Ordinarily 
the plant manufactures much more food than it can use and reserves are 
accumulated. These reserves of food are stored in fleshy roots, stems, 
leaves and seeds where they may be of use to the plant during the next 
plowing season, or serve as nourishment for the young plant. Plants of 
the lower orriers store very little food. 

Foods for Animals. — The reserves of foods stored away by plants are 
of the utmost importance to animals since most of the latter do not have 
the ability to manufacture their food from the raw materials. Animals 
can use only the organic foods stored away by plants. This dependeuce 
on pUint reserves in the case of herhiv cji uus animals is obvious. It is not 
less real in exclusively flesh-t^ating animals which are dependent, through 
plant-eating animals, upon the activities of plants. 

In addition to the carbohydrates, proteins or albuminous substances 
of various sorts resembling proteins, and oils or fats, all of which are se- 
cured directly or indirectly from plants, animab get from plants certain 
salts necessary to the wdl-being of the animal body. Th^ also secure 
from plants certain substances of unknown chemical nature which are 
called mlamihet. These substances are comparatively abundant in 
fresh vegetables, particularly leaf vegetables. They are less abundant 
in the cereals and are lacking in the vegetable oils. That these vitamines 
are of importance in the diet of animals is shown by expoimental feeding. 
Animals which get foods deficient in vitamines suffer from malnutrition 
although they may get food of sufficient calorific value. If the diet of 
such experimental animals be changed so as to include sufficient vita- 
mines the animals may recover. Flesh-eating animals get vitamines 
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from the flesh of their prey and young mammals get vitamines from the 
milk with which they are nourished. 

Further Characteristics of Carbohydrates, Fats, and Proteins. — An 
examination of the chemical formulas for carbohydrates stated in the 
paragraph on photosynthesis shows, as indicated also in part in the pre- 
ceding chapter, that carbohydrates are composed of carbon, oxygen and 
hydrogen ; and the hydrogen and oxygen are generally in the ratio oC 2 to 1, 
as in water. Sugars as they occur in fruits and vegetables and in manu- 
factured form, and starches as they occur in flour and in some fleshy 
roots, stems and fruits are good examples of carbohydrates. Carbo- 
hydrates bum (oxidise) readily with the release of considerable heat, and 
the liberation of carbon dioxide and water. 

Fats are composed of carbon, hydrogen, and oxygen but as indicated 
above the ratio of oxygen to hydrogen is very low and the proportion of 
carbon is high. The character of a fat is determined by the fatty acid 
or acids entering into the composition. Fats are greasy and they leave 
a grease-spot on paper which does not evaporate. Good examples of 
fats are butter, lard and tallow derived from animal sources, and oils, 
such as olive, castor and cocoanut oils derived from plants. Fats com- 
bine readily with oxygen when })urned and yield much more heat than do 
the carbohydrates. Thus a gram of starch yields about 4.19 large 
calories, while a {;rain of fat yields alwut 9.3 large calories. The products 
of the combustion of fats are carbon (Uoxide and water. 

Proteins are always c()nij)osed of carbon, oxygen, hydrogen, and 
nitrogen, and sometimes one or more other elements as phosphorus, 
iron, magne.siuin, sulj)hur, etc. The protein molecule is very complex. 
For this reason the analysis of proteins is very difficult and there may be 
considerable disagreement as to the empirical formula of the same protein. 
Two formulas for hemoglobin, a protein derived from the Uoo4 cor- 
puscles, are C7i2HiiiQNsi40s4&FeS2, and CaooHMoNmOnoFeSs. Needless 
to say that the structural formulas cannot be giv^. Proteins co- 
agulate upon heating or upon the addition of acids, alcohol or salts to 
form a firm clot which often is not soluble in water. The coagulum 
produced by neutral salts is soluble. Proteins have a large molecular 
weight, slow diffusibility, and high resistance to the passage of an electric 
current. Proteins bum with the release of considerable heat, and in- 
complete burning is accompanied by the production of a characteristic 
odor. The products of com])ust ion are carbon dioxide, water, and certain 
nitrogenous compounds. White of egg, lean meat, and gluten derived 
from wheat are good examples of proteins. Seeds of leguminous plants 
and nuts arc rich in proteins. 

Digestion. — Livinp mntter, be it plant or animal, cannot make use of 
foods until these foods have been rendered soluble and diffusible through 
protoplasm. In the plant cell starch, before it can be utilized in building 
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up protoplasm, must first be brought into solution. Proteins and fats 
cannot be used while they remain proteins and fats for neith^ can diffuse 

thnnigh the colloids of the cell. In the aniiiml coll the same state of 
affairs exists. Foods are rendered soluble and diffusible during the proc- 
eas of dtgesUon. According to an accepted definition digestion is the 
process of bringing foods into solution and into a state of diffusibility 
by means of a chcniical agent. The agonts employed by plant and 
animal cells during the process of digestion are solutions elaborated 
by the protoplasm. The power of producing digestive solutions is 
possessed by all living c(^lls. Digestive solutions are either alkaline or 
acid in reaction, and in addition to the acid or alkali present in the 
solution there are always one or more very important substances to which 
has been given tlie name of enzyme. 

Enzymes. — Enzymes are substances whose exact chemical nature 
is yet unknown. Extracted enzymes may respond to protein tests, but 
this seems to \)e due to proteiiii* associated with the enzj-mes, from which 
the latter have only occasionally been separated. Knzymcs a( t like 
certain substances which have the property of hastening chemical reac- 
tions. These aecelerating substances are called ccUalyzera or catalysts 
or catalytic agents, and the effect which they have in the reaction is called 
catalysis. Among inorganic substances which act as catalyzers may be 
mentioned finely divided platinum. So far as can be determined eataly- 
sens hasten reactions by entering into the formation of intermediate 
substances from which they are promptly released. They are thus 
present undiminished at the end of the reaction. Ensymes also act 
somewhat in this fashion. Unlike the inorganic catalyserSi enzymes are 
affected by extremes of heat or cold. Most of them operate best at a 
temperature of SO-iS^C. but are destroyed by temperatures of OO-TS^C. 
Certain of them are rendered active by small quantities of free acid, 
others by alkali. The ions of certain metals inhibit their action. En- 
zymes may be extracted from plant or animal bodies, precipitated from 
their solutions, purified, and again brought into solution without loss 
of activity. A given enzyme may take i)art in only a single kind of 
reaction. This reaction, however, is reversible, that is, the enzyme may 
assist in the splitting of a sul)stance into two others or it may serve as the 
agent for causing tlie combination of the two simple substances into the 
one. The limitation of an enzyme to a certain specific action is visualized 
by Fischer's famous "lock and key" hypothesis which assumes that the 
chemical contigui ation of the enzyme corresponds very closely to tlutt of 
the substance on which it acts, and that the two arc thus fitted to each 
other as a key is fitted to a lock. From the fact that many enzymes may 
take part in but one kind of reaction it may be inferred that to accomplish 
the multitude of chemical reactions that are going on continuously or 
periodically in the animal or plant a number of enzymes must be present 
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in every living organism. A large number of enzymes have already 
been isolated and determined from plants and animals, and it is probable 
that many more will be found. An enzyme is named according to tlu? 
substance which it acts upon or after the most important product of its 
action. 

Important Enzymes and Their Action.^In both plants and annuals 
there arc three classes of digestive enzymes: the amylolytic, or cailu)- 
hydrate-splitting; the lipolytic or fat-splitting; and the proteolytic, or 
protein-splitting enzymes. In plants the important amylolytic enzymes 
are diastase which acts on starch producing maltose, tfudlase which splits 
D[ialtose into two molecules of glucose, and itwertase which hydrolyzes 
eane Bugar into glucose and fructose. There are also other enzymes 
capable of acting on other forms of carbohydrates. In animals ptyalin, 
produced by the salivary glands and acting on starch, and amyhpHn 
which is contained in the pancreatic juice and changes starch to simpler 
carbohydrates are the most important carbohydrate-splitting ensymee. 
The lipolytic enzymes ol both plants and animals break down the fats 
into glycerol and fatty acids both of which are diffusible. Soluble 
soaps are formed by combination of the fatty acids with bases, and these 
and perhaps some unalter I f i ts are absorbed. The proteolytic enzymes 
whetlu r in plants or animals may be classed as peptic enzymes if they 
require the presence of acids to make them chemically active, or tryplic 
enzymes if they require an alkaline medium. Tlie most important en- 
zyme of the first group is pepsin which is produced by glands of the 
stomach in animals. This enzyme splits proteins into peptones and 
polypeptides. These substances are not diffusible and are further broken 
down by trypsin, the most important of the second group of proteoh'tic 
enzymes. Trypsin completes the splitting of the proteins into amino- 
acids and other eompountis wliich are readily diffusible. 

Digestion in Cells. — In unicellular animals digestion of necessity 
occui*s within the cell. Food having been ingest^'d comes to lie in 
vacuoles. Along with the food there is usually engulfed a small quantity 
of water. Into this water digestive solutions of acid or alkaline reaction 
are secreted by the surrounding protoplasm. These solutions contain . 
enzymes, the nature of which may be inferred from the reaction of the 
solution. Obviously it would be quite impossible to secure a sufficient 
quantity of the digestive solutions of these minute animals to permit of 
analysis in the ordinary manner, but by making use of very dilute 
watery solutions of the dye neutral redf it is possible to determine the 
reaction of the digestive solutions in the living animals. The dye 
penetrates withoat killing the protoplasm, and the color changes may be 
observed in the vacuoles of the livinLi; animal by means of the microscope. 
Neutral red does not directly distinguish the enzyme which is present. 
« Since, however, it is known that eniymes of the pepsin class operate 
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only in an acid medium and those of the trypsin dass operate only in 
an alkaline medium oertain inferenoes may be made in regard to the 
kinds of enaymes which are secreted by these cells. 

In plant cells carbohydrates, fats, or proteins ara rendered soluble 
by the aid of digestive solutions containing ensymes resembling those 
found in animals. The foods may be in direct contact with the proto- 
plasm or contained in vacuoles or plastids. 

Digestion in higher animals is of two sorts, that which occurs within 
eavities of special digestive organs and that which occurs within the 
tissue cells of the body. Only the latter can be described here. The 
reserve food of animals is stored in specialized connective tissue cells 
which may be more or less scattered throughout the body, or localized, 
as in the so-called fat-bodies. In addition to this major reserve there is 
always a smaller supply of fat occurring as minute droplets in all tissiio 
cells. Reserve carbohydrates occur in tissuo cells, cliiefly as granules 
of glycogen, a material which has the same empirical formula as starch. 
Reserves of proteins are found in tlu^ protoplaym itself, or in an inactive 
form in special storage bodies. None of these footls can be used for the 
production of energy or for tlie up-buildinp; of jirotoplasm until they have 
undergone digestion, a proces.s which must necessarily occur within the 
cell. This is accomplished by means of enzymes secreted by the proto- 
plasm of the cells in which the reserve foods are being digested. Subse- 
quent to digestion within the storage cells the products of digestion may 
be transported to other parts of the body, but the account of this transfer 
belongs in the chapter on organ physiology. 

Assfanilatioii,— After foods have been rendered soluble and diffusible 
they are absorbed. Absorption occurs through the protoplasm adjacent 
to the vacuoles in Protosoa or through the protoplasm adjacent to the 
reserve food in the cells of higher animals or plants. The products of 
digestion pass through the protoplasm by osmosis, the protoplasm acting 
as a membrane. Having been absorbed the simple substances produced 
in the digestive process are recombined and built up into Hving proto- 
plasm, perhaps through the agency of enzymes. This synthesis of foods 
into protoplasm is assimilation. Very little is known as yet about this 
important process. 

Respiration. — Living things almost without exception n^quire oxygon. 
Oxyuen is used in the organism in the decomposition of tlie constituents 
of protoplasm and probably of stored proteins, carbohydrates and fats. 

CerTaiidy the pn)tein8 making up the pn>to]>!;ismic mixture may be 
oxidizecl, and much rec(Mit work goes to show that organic substaic^'s 
other than [irofcins, namely, the carbohy<i rates and fats, may in like 
manner lie oxidized. This pnxcss of combining oxj'gcn with proto- 
plasmic and other organic substances is true respiration. It occurs in 
the protoplasm of tlie cell, li^'spiration in this sense is not to be confused 
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with the process of getting air into the body and out of it again. The 
latter prornss is only inoidental to the real respiratioii which takes place 

in tlic cells. 

Respiration results in the production of eiirtjon dioxide and water 
or of certain otiier interniediute eonipounds, and in the release of energj', 
most commonl.v in the form of heat and motion. 

In the simple animals and plants dissolved oxygen pjusses by osmosis 
direetlv through the .sun are of the organism into t he prot opl.'usm. Thence 
b\ liiilubioii and protoplasmic currents it is carried to all parts of the 
cell where it is used in oxidative processes, la many small aquatic 
muHieeUular animals and plants with few layers of cells the dissolved 
oxygen may readily diffuse through the intervening cells to those which 
lie deeper. The distribution of dissolved oxygen to the various cells in 
higher plants and animals is discussed in a later chapter. 

Respiratioii and Pliotoayiifhesis*— The absorption of carbon dioxide 
and release of oxygen by green ' plants in sunlight are sometimes 
'popularly but erroneoudy attributed to respiration, and have led 
to the mistaken notion that respiration in plants is the reverse of 
the corresponding process in animals. The behavior of the gases 
in green plants just referred to is, as pointed out above, due to 
photosynthesis. A comparison of the processes of respiration and photo- 
synthesis shows that they are entirely distinct processes. Respiration 
is the same in both plants and animals. It is not a synthetic process 
but a d(^structive process yielding for the most part carbon dioxide and 
water as the end produrts. Photosynthesis is a construct ivo process 
in which carbon dioxide and water, its raw matcr.'als, are elai)oratcd into 
carbohydrates by the chlorov)lasts which employ the energy of lifiht for 
this transformation. By this process ener^ry is stored. A l\v-product 
of photosynthesis is oxy^!.en. In respiration, contrariwise, oxyjien is 
consumed in the oxidation of ehibovatcd foods, energy is released and the 
by-products arc carl)on dioxide and \s;tter. From this incomplete com- 
parison it may be seen that these two processes are distinctly opposed 
to each other. In pknts in the sunlight the two processes go on simul- 
taneously but when photosynthesis is proceeding enerf^tically the process 
of respiration is somewhat masked. In the dark photosynthesis stops 
while respiration continues. 

Excretion. — ^The end products of the oxidation of carbohydrates and 
fats in respiration are carbon dioxide and water. When a protein is 
combined with oxygen there are formed some nitrogen compounds in 
addition to carbon dioxide and water. These nitrogen compounds differ 
according to the completeness of the oxidation but one of the principal 
ones is urea. The process of getting these substances out of the proto- 
plasm is called excretion and the nitrogenous compounds and the carbon 
dioxide are waste materials or tSBcreUom, These waste substances pass 
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through the cell membranes to the exterior, or in some of the Protozoa 
they are gathered up by the contractile vacuoles and voided through 
the outlets of theae organs. 

Plants in the course of their metabolic activities produce a number 

of substances, such as tannin and probably oxalic acid, which are often 
of no further use to the phmt cells. Such siil)stanceR may then be con- 
sidered excretions which, iiowever, the plants have insufficient means of 
eliminating. In some cases the cells render them inert by changing them 
from solutions to a crystalline form. Thus oxalic acid is neutralized 
by calcium salts in the cells with the formation of insoluble calcium 
oxalate. Salts are known to be exuded upon the surfaces of plants, 
wlit re they are washed away by rain or dew, but it is not certain tiiut 
these substances are to be regarded as excretions. 

SecretioiL — The cell is to be regarded as a laboratory or factory in 
which a multitude of chemical processes are taking; place. Some of these 
processes have already been discussed. All cells produce certain chemical 
compounds which may be used in the chemical processes going on within 
the cell or in cavities adjoining the cells. Such products are Hcretiona 
and the process of producing them is given the name teereH^m, Secre- 
tions differ from excretions in that they are used in performing some 
function for the body, whUe excretions cannot ordinarily be used by the 
organism. The actual processes involved in the production of excretions 
and secretions are very similar and the methods by which these substances 
are discharged from the cells of multicellular animals may be identical. 
Many of the secretions which are discharged from the cells are first stored 
in the cells as granules which finally break out of the cell at the exposed 
end and then become liquid or gaseous. Other secretions |)roduced as 
liquids within the cell diffuse out and oscap<! as rapidly ius formed, are 
al)Sorb<Ml by other c(^Ils, or are carried in tlie blood stream. 8uch secre- 
tions niuy perform tlieir fun tions at a coiLsiderable distance from the 
cells wdiere they are elaborated. Secretions are very diverse in their 
functions. Some aid in digestion, others give protection liecau.-^e of their 
odor or because of poisonous qualities, some ser\'e as lubricating mate- 
rial, others oxidize readily with the production ot li^lit. and there are 
still other kinds performing other functions. The diversity of functions 
served by secretions is indeed very great. 

Single-celled animals and plants produce all the secretions required 
for carrying on chemical processes within their single cells. In higher 
animals and plants specialised cells may be set aside chiefly for the 
production of certain secretions. Localised groups of these cells are 
called glands. The structure of glands is considered in Chapter VI. 

GnMh. — Gro^h is characteristic of living organisms. It is due to 
the conversion of foods into protoplasm at a more rapid rate than pro- 
toplasm is being broken down in catabdic processes. Cells are strictly 
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determinate in size, the size of any particular kind of cell in any organism 
being fairly uniform. When the cell has reached the limit of its size it 
fliay divide. The half-dsed cells then grow to nonnal siae. Thus the 
growth of the cell is due to the increase in the quantity of protoplasm. 
Increase in siae of many-ceUed organisms is usually due to multiplication 
of cells and to the growth of the halfHnsed cells to normal. The cells <tf a 
large frog are no larger than the cells of a small frog of the same species^ 
but there are more cells in the large frog. Increase in the sise of the cell 
may not be wholly due to increase in the quantity of protoplasm. Fat- 
cells increase in size because of the deposition of globules of fat, a process 
which may be continued until there is much more fat than protoplasm. 
In plant cells and certain animal cells volume may be increased by the 
imbibition of water which may be stored in vacuoles. In such extreme 
cases as those mentioned the quantity of protoplasm may be actually 
decreased although the cell may be larger. In every rase where growth 
occurs it is due to the activity of the protoplasm. This is true in multi> 
cellular ;is ^\•fA\ as unicellular organisms. 

Reproduction. — Reproduction is likewise characteristic of living 
beings. In unicellular organisms, and only in these, reproduction is 
e(iuivalent to cell division, for obviously a cell cannot reproduce its 
kind without a cell division of some sort. In higher organisms repro- 
duction usually inv(>l\ t6 the formation of special cells, the germ cells, 
which by their division, with rearrangement of the resulting cells, give 
rise to new organisms. Here reprodu';tion involves cell division too. 
An account of cell division is given in Chapter IV and a detailed 
account of reproduction in Chapter VIII. 

Protoplasmic Movement. — One of the attributes usually ascribed to 
living organisniSy distinguishing them from non-living matter, is the 
power of independent motion. This power resides in the protoplasm. 
Protoplasmic movement may result in locomotion, that is, change of 
position of the organism in space, or it may be confined to a change of 
position of partidee of protoplasm within the cell itself with no resulting 
locomotion. Most animals at some stage in their existence, nkany plants 
of the lower orders and the swarm spores of other low plants are motile. 
Higher plants are not capable of locomotion, but within their cells the 
protoplasm may undergo movement such as stfreamitm atJlinffinQ* Naked 
plant cells and some forms of unicellular animals frequently progress by a 
type of protoplasmic movement which is so characteristic of the protozoon 
AnKeba that it !ins come to be called rtm/> boid movement. Other cells 
make use of cilia which are minute sU-nder protoplasmic processes capable 
of rapid vibration. This movenKuit of cilia is ciliary movement. Loco- 
motion in most higher animals is due to t he niovenicnt of appendages caused 
by contraction of special contractile cells, the muscle cells. Such move* 
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ment is muscidnr contraction. The iiibt three types of protoplasmic 
movement will be discussed here, the fourth in Chapter VII. 

Flowing of Protoplasm. — Id many living cells the protoplasm may be 
observed to be in procees of cirouUiticn, particle following partide ia a 
more or less definite course wiUiin the cell boundary. Such a movement 
involving not only protoplasm but also granules and food vacuoles which 
are swept along by the current may be observed in Paramecium and some 
other species of Protosoa. In many plant cells, as in Xitella, Chara, the 
stamen haiis of Tradescantiai leaf hairs of the tomato., and cells of aquatic 
plants like Elodea, a similar movement of protoplasm, sometimes in- 
volving the ehloroplasts, may be observed. When the movement of the 
particles describes a definite dosed circuit it is sometimes called eudotU 
or rotation. In some plants, as in some of the fungi whose mycelia are 
not divided by cell walls, the protoplasm moves toward one end of the 
mycelium and then returns. This may be called streaming of protoplasm. 
Flowing of protoplasm of the kind described does not result in 
locomotion. 

Amoeboid movement. — When an amcBba moves it thrusts out onn 
or more lobe-like processes, called paeudopodia. Then the body is pulled 




Fio. 26. — Dimgram iUustratiag the movements of a particle of soot attached to the 
outer aurfaee of Amaha in dde view. X marks the loeation of the soot partiele 

ill position 4 of the amceba. In position Ti llio p.irfirtc i.s still at A' hn+ the fi giUB baa been 
raised a trifle in order to show the outline of the amceba. {From Jennxnaa.) 

forward or flows forward. Since there seem to be two methods of locomo- 
tion in Amceba both will be described. Anu^ verrucoaa, an amoeba 
with a very viscous outer layer or ectoearc, puts out normally a single 
pseudopodium in contact with the substratum. The protoplasm of the 
upper surface flows toward the tip of the pseudopodium, while the proto- 
plasm of the lower portion flows to the rear, thence to the upper surface 
and to the anterior end. Thus this amceba acts like an el^tic sac filled 
with a viscous fluid. For an experiment in demonstration of this type 
of amceboid movement soi)logists firo indebted to Jennings who mixed 
soot in water containing Amceba and then traced the path of the soot 
particles which adhered to the siirfncp of the animals. Figure 2(i illus- 
trates Jennings's idea of locomotion in Amrrhn verrucosa. In A ni<tba 
protcus a number of pseudopodia may ho thrust out. The anterior end 
is elevated, thrust out, and {\wu lironqiht in contact with the md)stnitiim 
witli which it adheres. The posterior portion of tlie body is now brouulit 
forward by contraction of the protoplasm and this material now foims 
a new anterior end. Dellinger demonstrated this method of locomotion. 
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He made an endoeoie by cementiiig two cover glnmee to the surf aties of 
a glass slide with a polished edge, so that the cover glasses projected 
over this edge (Fig. 27). Into this chamber amoebas were put and the 
chamber was mounted on the stage of a horiiontal microscope. In this 
manner the anuebas could be observed from the side. Viewed thus 
their locomotion was shown to be a sort of walking (see Fig. 28). Both 

Jennings's and Bellinger's experi> 
ments show that protoplasm is con- 
tractile Attempts have been made 
to show that amoeboid movrmpnt is 
duo to changes in surface tension 
and many experiments have been per- 
formed on non-Hvinc; material to ex- 
plain this form of niovcmont. How- 
ever, it appears that the currents of 
protoplasm in Amcrba do not run in 
the way they should if movement 
were due to surface tension alone. 
Amceboid movement occurs in 
the Protozoa provided with pseudopodia, in some naked plant cells, 
and in some cells of higher animals, namely, white blood corpuscles and 
pigment cells. Some other cells, as the germ cells, which originate in 
one location and migrate to another at some distance probably use 
this form of locomotion during then: migrations. 




Via. 28. — Ix>comotion in Amctlta pruUim oh sovn from the side with thr iipparai us sIionmi 
in Fig. 27. A and B show the extension nnd attachment of a blonder pwudopodium. 
Other poeudopodia are moving forward. (From photomieroffrapha by Ddiinger in Journal 
of ExperxmtnUU Zodtogy.) 



Ciliary Movement. — Many small animals, such as the Infusoria of 
which Paramecium is the best known, wheel animalcules (rotifers), free- 
living flatworms, nemertean worms, and the aquatic larve of many ani- 
mals are provided with numerous cilia, covering a portion or all of the 
surface of the body (Fig. 18). Each cilium hi\s an el::>ti(' miter layer 
containing one or more contractile protoplasmic elements within it. The 
structuro of ;i cilium of Stylonychia is shown in Fitr. 20. K:irh large 
cilium of tliis and simil;i,r forms is regarded as Ixmm^; formed of Severn! 
cilia of ordinary size fused together. Contraction of the protoplasmic 




Fio. 27. — Apparatus for the study of 
locomotion in Amccba in aide view. It 
oonaurtB of a glass slide with a poliahed 
•dsB and two projecting cover ^aaaes 
which form a groove in which the apcri- 
mena are kept. It is used on a hori- 
Bontal microacope. (From DtUinotr in 
Jounul o/Bxperimni^ Zotlogy.) 
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elements on one side bends the cUium in that direction. The cilium 
because of the elasticity of the sheath returns to the original position 
as soon as the contractile elements relax. The active stroke involves 
the movement of the whole cilium while the return stroke liegins at the 
base and like a wave runs along the cilium to its tip (see Fig. 30). The 
cilium thus presents the maximum friction in one stroke and the minimum 
in the revene. Since the cilia move in uniBon or in waves in which the 
active beat is in the same direction, the difference in the friction of the 
dlia in the two strokes is sofficient to 
propel the animal. 

Many higher animals have inner sur- 
faces covered with ciliated cells {eiUaUd Fio. 29.— Fibrillar structure of 
tpUhOium) the eOi. of which »e not U8ed S! fJH^^SZuT'' 
for locomotion of the body but for the 

propulsion of liquids or minute solid particles which have lodged on 
these surfaces. Thus in the frog eunents prod ti cod by cilia continually 
carry small particles and the mucous secretion of the mouth down the 
esophagus to the stomach. In the mammals and probably in most 

other air breathing vertebrates solid particles inhaled with the air are 
cauKht on the ciliated surfaces of the trachnn and bronchi and are 
swept up into the throat by the action of cilia. So also phlegm or 






Fio. .K).— Diiiiiranis showing successive positions a^isumecl liy ciliu in locomotion. 
A, positionfl assumed from the begiiming of the beat at positions assumed during the 
VPtujQ •tarok* beginning at 1. (From Verwm.) 

mucus is carried upward to the back of the throat whence it is expelled 

by "clearing the throat." 

Flagella. — Flagelln are motor organs of the cell somewhat resem- 
bhng cilia. They differ from cilia chiefly in their length and in the fact 
that when present tliey are few in number, there being from ono to eight 
of these organelles (rarely more) to the cell. In cells thnt move always 
with the same end foremost, they are usually located at the aiitenur end 
of the cell. Cilia as a rule beat in one plane forward and backward. 
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FUgella may beat regularly in one plane, or they may have a rotary 
motion which may involve the whole flageHum or only the free end of it, 
or the movement may be irregular, involving any portion of the flagel* 
lum. Because of the diversity d these movements, a diversity which 
may be observed within a few minutes in the same specimen, it seems 
clear that the structure of the flagellum is not the same as that of the cilium. 
It has been shown for Euglena (Fig. 31) that the flagellum is composed 
of an elastic peripheral layer within which are several contractile threads 
extending throughout the length of the flagellum. The movement is 
due to the contraction of these threads. The return stroke is due to 
the elasticity of the outer layer or to the contraction of certain of the 
threads, or both of these factors may aid in the production of certain 
types of movement. The movement of the organism when propelled 




B 

Fio.31. — Euglena. A, ouUiue showing flagellvus C/I). B, the Ebrils of the flagellum. (A 
originat; B after DtUinoer in Joumat 4xf Mcrph«f«gy') 

by one or more of these organelles is jerky or erratic. There is rarely 
the gliding movement which is characteristic of animals which employ 
cilia in locomotion. Flagella are the normal or^^ans of locomotion in 
the Mastigophora or FlagelUita, one f^rovip of the Protozoa. They are 
also the organs of locomotion in some plant cells. Flagella occur rarely 
as cell orpans in higher forms. They occur sincly on the endoderm cells 
of the Ca'lenterata, and in Porifera (sponge.s) each cell of the radiatinR 
tubes (see Fig. 32) is provided with a flagellum and a protoplasmic collar 
stirroimding the base of the flagellum. In these two groups of metazoan 
ammals the flagella si rve to create currents of water which circulate 
through the cavities of the animals. CiUa occur much more frequently 
as cell organs than do flagella, for in almost every group of an i mals some 
species may be found which have ciliated surfaces. Both cilia and 
flagella are protoplasmic structures whose functioning depends upon the 
contractility of protoplasm.* 
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ICyoiMiiiM.— In the stalk of Vorticella, one of the Protosoa, there is 
a specialised portion of protoplasm the function of which is contraction. 
Here the protoplasm occurs in fine thiesd-like strands, called iftyoiMmes, 
which are probably not very different from the contractile elements in 
cilia and flagella. The myonemes may be considered to be the fore- 
runners struetorslfy of miueolar fibrils and a more complete discussiim 
of them will be deferred to the discussion of muscular contraction in 
Chapter VII. 




Fio, 32. — Portion of cross-section of the nponge Grantia. rr, rollared colls of cndoderm. 
eei, ectoderm; fi, flagellum of collared cell; me*, mesoglccu; ep, spicule (portion only); 

Irritability. — A further distinction between living and lifeless things 
is that living thinus respond to stimuh. Stimuli are changes of the en- 
vironment or the protoplasm itself of such an intensity as to cause an 
organism to make a change in its position, direction of movement, shape 
or color, or give some other form of reaction. Some kinds of external 
stimuli are change in the intensity or direction of light, change in tem- 
perature, pressure, gravity, or contact, and applications of an electric 
current, solutions of acids, salts, or bsses. Hunger, thirst and fatigue 
serve as examples ci intmal stimuli. This property of living things 
which causes them to make responses to stimuli is called tmta5tl%. 
In the lowest forms of animals (the Protosoa) there are no specialised 
structures for the perception of stimuli or the conduction of impulses. 
Such functions must be performed by the general protoplasm. The 
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rnaiiiicr in which prutuplasin is irritated and traiisniils inii>uises is un- 
known. From experiments on higher animals it has been ascertained 
that muscle may be Btimulated to contrsctbii after the nerve-connection 
has been oat and that the impulse may be transmitted from muscle cell to 
muflde cell. These experiments and others of similar nature show con- 
clusiTely that irritability is a general property of protoplasm and not the 
property of any particular group of cells. 

Relation of tiie Nucleus to Metabolic Activities. — ^In the discussion 
of cell physiology up to this point it has been assumed for the sake of 
simplicity that all parts of the cell were concerned in the functions dis- 
cussed, with the possible exception of the chloroplasts in their function 
of photosynthesis. This assumption is not justified, for the greater 
number of functions of the cell are very complex, so complex, indeed, as 
to require the cooperation of -^overal parts of the cell in their perform- 
ance. In the present state of knowledge it would not be profitable 
to attempt a pomplote account of the intfTaction of thn various parts 
of the cell in the difTerent processes. It is possible, however, to point 
out one conspiciioas phase of this cooperation, namely, the relation of 
the nucleus to the cytoplasm m certain types of function. It may bo 
statetl in advance that while cytoplasm alone may carry on neutral 
or destructive processes, the perforuiauco of constructive processes re- 
quires the prctience of the nucleus. The evidence in support of this 
statement comes from a \ ariety of sources. 

Evidence From Regeneration. — One of the first and best of the indi- 
cations of nuclear influence is the behavior of enucleated cell fragments. 
One experimenter found that if Oxytricha (a protosodn similar to Parame- 
cium) were cut in two in such a way that one fragment contained all the 
nucleus, this nucleated portion quickly healed the wound and regenerated 
the missing parts. The fragment without a nucleus, however, soon 
perished. Stentor, another relative of Paramecium, showed similar 
results. In this animal the nucleus is a long body like a chain of beads 
(see Fig. 33), and it is possible to cut the body into several fragments 
containing large or small portions of the nucleus, or none at all. Gniber 
found that pieces containing much of the nucleus completely regen^ated 
in twenty-four hours; those with smaller nuclear fragments n^nerated 
more slowly; and those without any nuclear material, though the wound 
closed, underwent no regeneration, and later died. Polystomella, an 
Amn-Ua-liko protozoon with a perforated shell, may lik(nvise lie cut into 
fragments, one or more without nuclei. The piece with the nucleus is 
able to repair the shell, while noii-nuch^ated pi(M'es lack this power. 
Other (wperiments on Anid-ba and upon other Protozoa lead to concor- 
dant results. The non-nueloated portions may live and move for a 
time, and their pulsating vacuoles may continue to pulsate with little 
change; but they lack tlie power of digestion and secretion. 
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Evidence From Plasmolyzed Cells. — Similar evidence comes from 
plasmolyzed cells of leaf- and root-hairf*. By plju inji; these cells in 
certain salt solutionsi the protoplasm, which Dormally rests chiefly 




Fio. 33. — Diagram of retteiicTiition in Stontnr. The nucle'ttS b a headod chain. Mid 
if the animal \& out pieces of the hody containing large portions of the nucleus regenerate 
rapidly; pieces contaiaiog less of the nucleus regenerate more slowly; and pieces contaiuiug 
none of the nudeuB die ud dlmntegrate without refenefmtins. 

against the cell wall u,m\ encloses a liciuid in its otherwise hollow interior 
(Fig. 24), ma}' l)c made to shrink up into much smaller volume by the 
withdrawal of the interior licjuid. Frecpiently in this shrinkage the 
' protoplasm is divided into several masses, which may be entirely separated 




FlQ. 34. — A plasmolysed cell. On immersing the cell in a salt solution the protoplasm 
•hrank into wveral more or lew distinct maseee. Eaeh man eontidnins a nueleua or 

ootinectod hy a fine filament of protoplasm with a nucleated mass produced about itaelf 
a cell membrane. Other masses remained naked. (Modified from Townaend.) 



from each other or may be joined by fine strands of protoplasm, as shown 
in Fig. 34. Those portions of the cell which contain the nucleus, or are 
connected with the nucleated piece by the fine strands of protoplasm, 
form about themselves a new cell membrane, grow, and live normally. 
Even a connection with a nucleated fragment of an adjoining cell, through 
fine pores in the cell waU, suffices to maintain the normal functions. 
The non-nucleated fragments, if entirely separated from nucleated 
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pieces, have lost the power of produoing new memlmuies; uid though 
th^ may coDtmue to produce starch by photosynthesiB, this starch 
cannot later be utilised. 

Evidence From Portion of Nncleos.— The position of the nucleus 
in cells that are physiologically very active also strongly suggests the 
oonstractive function of the nucleus. In plant cells in which the cell 
wall on one side is being thickened, the nucleus is usually found adjoining 
the thickening wall; and observations have shown that the nucleus 
proceeds to that position before the thickening of the wall begins. In 
cells which are producing root-hairs by the outgrowth of the wall, the 
nuclei are generally at or near the point of growth. 

Stmimary and Inference. — In each of the cases of cell fragmentation 
mentioned above, the non-nucloafpf^ pincr. larked some capacity for re- 
construction. The missing parts of Oxytricha and Stentor could not he 
replaced; the shell of Polystomella was not repyired; digestion ceased in 
Ama'V)!!, probably owing to failure to produce the neceBsury enzjTnes. 
In plasiiiolyzed celk the non-nucleated portions do not produce a cell 
wall or membrane, nor the enzymes with which to utilize the starch 
which their chloroplasts manufacture. In highly active cells the nuclei 
are at the places of greatest activity. The conclusion is scarcely to be 
avoided that, while neutral or destructive processes, like movement, 
respiration, or excretion, may go on in the absence of a nucleus, the 
nucleus has some very fundamental control ovor the constructive 
processes of the cell. The influence of the nucleus may be exerted 
through its supposed effect in increasing oxidation, the rate of oxidation 
being too slow in the absence of a nucleus to permit of the syntheses 
mentioned. 

There is abundant evidence from other sources that the portion of 
the nucleus which exercises this control is the chromatin. The minute 

accuracy of the behavior of the chromatin in cell division and the facts 
of development and heredity indicate that this substance is of unusual 
importance, but consideration of this evidence must be deferred to later 

chapters. 

How the nucleus, or the chromatin in the nucleus, if that is the impor- 
tant substance, exercises this control over the activities of the cell is not 
known. Some have held that material particles of chromatin pass out 
from the nucleus into the cytoplasm at intervals, and time bring about 
the regulation that the nucleus performs. In support of this view are 
observations on some of the Protozoa, preparations of which oc- 
casionally have the nuclear membrane ruptured and a mass of 
deeply staining granules near the point of rapture. Such an occurrence 
has even been reported for the many-celled anunals by some oi)scrver8, 
but other comi)etent investigators of wide experience have been unable 
to verify the claim. It seems more Ukely, therefore, that the chemical 
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reactions in which the chromatin is involved occur with the chromatin 
8tiU in the nucleus. What soluble substances may pass back and forth 
between nucleus and cytoplasm is completely unkoown. Chromatin 
is a very complex matter. There is evidence, which Is briefly mentioned 
in the chapter on Genetics, that the chromatin of a single cell may com- 
prise hundreds of different thingct. What these things are is a matter 
of speculation, but that they are responsible for as numy different 
activities in. the cells has been pretty well detennined. Furthermore, 
there is a great variety of other substances in the nudeus and in the cyto^ 
plasm. The complexity of the protoplasmic mixture is great enough to 
account for the great number of activities that have been demonstrated 
in cells. 

Deferred Subjects. — ^Numerous activities of cells reveal their full 
significance only in relation to the activities of cells around them, or 

to the processes ^olng on in distant organs. Discussion of these must 
await the further development of the idea of eomplexity of Htnietiire in 
the succeeding chapters. Complexity of structure, resultinfj; in com- 
plexity of function, is a consequence of the adherence of cells after divi- 
sion and their morphological differentiation. Cell division, which is 
itself one of the characteristic activities of living matter, is described 
in the next chapter, and differentiation in the one following. 
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CSLL DIVISION 

One of the most important biological questions in the sereral decades 
foUowing the enunciation of the cell theory by Schleiden and Schwann 
in 1838 and 1839 had to do with the origin of celb. The founders of the 
theory believed that cells might arise either by a process of division of a 
pre&dsting cell, or by "free cell formation.'' In the latter case, cells 
were thought to ciystallise out, as it were, from a formative or nutritive 
substance, the "cytoblastema." The latter method was considered 
to be the usual one. By 18S5, however, biologists had arrived at the 
conclusion that cells arose only from preexisting cells and this doctrine 
was summed up in that year by Virchow, the famous pathologist, in the 
words, **o|ttttts cellula e cellula." 

Discovery of Cell Division. — While the origin of cells from cells was 
thus eariyest ahiished, the mechanism by which cells originated from other 
cells was not known until in the seventies and eighties of the last century. 
This apparent slowne.«s wa.s proV)ably due to the fact that investigators 
were concerned in verif^'ing tlie cell theory. It wn? n1 o due in part to 
the want of good lenses, in part to the fact that staining nietliods were 
in their infancy, and that no accurate method of section cutting had been 
devised. These early investigators of cell phenomena had frequently 
to improve methods or devise entirely new ones and to design new ap- 
paratus for their work. They hibored under great difficulties. Remak 
in 1855 and 18o8 proposed a scheme of cell (iivision which much resembled 
the method described below under the head of amitosis. Rcmak's 
scheme was essentially as follows. The nucleolus divides, and there 
follows division of the nucleus into two parts, each containing a nucleolus. 
The division of the nucleus is in turn followed by a progressive con- 
striction about the middle of the cell, which is thus pinched in two. 
This scheme was accepted as correct for some years, but investigators 
at times noted that the process was not quite so simple as Remak out- 
lined it. Schneider in 1873, followed in quick succession by a number of 
others, made discoveries concerning cell division which showed that the 
division of the cell was usually a complicated process, but that there was 
also a less frequent method which did not differ greatly from Remak's 
scheme. 

Nomenclature. — The complicated method has received several names 
which have come into general use, namely, karyokinena, mitosia, and 
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indirect cell division. The word karyokinesis is derived from two Greek 
words which mean nut or nucleus and change or movement. The word 
mitosis is from a Greek word meaniuf; a thread. As wiil be seen in the 
deseription of indirect ceil division, the word karvokinesis is more de- 
scriptive of tlie process than is the ivrm fnitosis, since the latter is de- 
scriptive only of a very brief stage of tlie process which in some cells may 
not occur at all. Nevertheless, the nam(> mitosis, introduced by Flem- 
ming in 1879, is now more commonly used tiian karyokinesis, proposed 
by Schleicher in 1878, 

GENERALIZED ACCOUNT OF MITOSIS 

The Bcheme of mitosis here outlined deals with the process In animal 
cells in which a centrosome is present, and is applicable with certain 
modifications and reservations to most cases of indirect cell division in 
animal cells. The process involves a series of changes in the nucleus, the 
cytoplasm and the centrosome which are actually parallel or synchro- 
nova, but the description of the process cannot follow the precise chrono- 
logical order and be made clear. For convenience in description and 
discussion the process may be divided into four stages or general phases 
which have no sharply defined hniits. These stages are (1) the prophases, 
that is, tiie pha.ses from the beginning which leatl up to, but do not include, 
the splitting of the chronio.somes, (2) the in-ctaphd.sc, involvmg the actual 
splitting of the chromosomes, the most imi)ortant stage of all, (3j the 
anaphases, the phases in which the chromo.somes are distributed, and 
(4) the telophases, involving the division of the body of the cell, the forma- 
tion of daughter cells, and the reconstruction of the daughter nuclei. 

The Prophases. — ^Prior to the beginning of nutosis the chromatin of 
the nucleus is arranged in tlic form of a network or as scattered granules 
supported by the hnin network. This arrangement of chromatin is 
shown in Figs. 20 and 35. Occasionally where large fragments of the ^ 
chromatin network cross ea^Tother rounded masses may be noted. 
These masses are called net^knots. As indicated in Chapter II, they 
are entirely distinct from nucleoli, as may be determined by the use of 
proper staining methods. On the approach of division the chromatin 
undergoes changes in form, and as indicated by its greater affinity for 
dyes it apparently also undergoes changes in its chemical constitution. 
It .becomes condensed into a very fine thread which in some species seems 
to be continuous and in otlier^^ discontinuous. This thread which is at 
first very fine and closely coiled is usually called a close skein or close 
spireme (Fig. 36) because the threads are near each other, giving a 
closely tangled appearance. Even at this early stage of division the 
chromatin stains more intensely than did the chromatin granules of the 
resting nucleus* As the process continues the thread thickens and 
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diortena and the parte of the flkein become further wparated. In this 
condition the thread is called a loo9e skein or loose CPig.37). 

Meanwhile other changes in the eeU have been taking place. .The 
nuclear membrane has usually disappeared or is in process ol distnte- 




Fio. 35. — Resting coll. The centro* FlO. SC. -Funnation of tho close 

some haa divided preparatory to mltodii, ■phw n o and development of the amphi- 

and the nueleolus is iweMnt. Mtor in a oell about to divide. Ficuns 

8e-40, ioidusive. illustrate prophasas. 



^ration. If a centrosome surrounded by a centrosphere was preset in 
the cell it has already divided, and about each of the two resulting cen- 
trosomes a figure made up of radiating lines (the aster) has appeared. 




Fio. ^7. — Loose spireme in a dividing Fia. 38. — Dividing cell in which chro- 

eell. The npindle ia enlarging. moeomea have been formed by the eeg- 

^ mentation of the spireme. The nuclear 

membrane and nucleolus are degenerat- 
ins Mid tlM astnl rays are entwine tbe 
Bueleus. 

There have also appeared other hues arranged in the form of a spindle 
extending from the region of one ct>ntro.sonie to that of the other. The 
whole structure (spindle and asters) is called the amphiasier. Since 



Digitized by Google 



CBLL DIVISION 



73 



it is not made of chromatin, but of linin and fibers from the cytoplasm 
resembling linin, it may also be called the achromatic figure. That por- 
tion of the entire division figure wliich is made of chromatin is called the 
chromatic figure. The lines of the asters and of the spindle have by some 
been considered to be fibers. By others they are thought to be granules 
arranged along lines of force as iron filings arrange themselves in a mag- 
netic field. Because of the supposed arrangement of the granules along 
these lines they have the appearance of fibers. Still other observers 
think the apparent fibers may represent lines of flow of the interal- 
veolar substance of the protoplasm, which is in more or less straight lines 
due to rearrangement of the alveoli. Thecentrosomes, with their radiat- 
ing^fibeiV migrate, ta opposite, poles of tFe nucleus. The spindle fibers 
may persist and penetrate among the coils of the chromatin thread, or 
the original spindle fibers may disappear and new fibers arise. 



Division of the centrosome may occur as indicated above or in many 
species it may occur during or Boon after the conclusion of the telophase, 
preparatory to the next division. 

Equatorial Plate. — If tlio chromatin thread has not broken into frag- 
ments at an earlier time it now segnu^nts into a number of pieces, called 
chrotnoscm^s (FiiLj;. 3S). The chromcx^onics come to lie in the plane of 
the equator of tlie spindle. W'liat force brings them into this position 
is not determined. Some .investigators think that certain fibers of the 
spindle are attached to the chromosomes and to the mass of cytoplasm 
immediately surrounding the centro.some and that these fibers pull the 
chromosomes into po.sition. Others think that they may migrate by 
some sort of amceboid movement, while others suggest that electro- 
magnetic forces are responsible for the movement. Seen from jk polar 




Fio. 39. — Dividing cell with the chro- 
mosomes arranged in an oiuatorial posi- 
tion, M aeea from one of the polea. Late 
prophase. 



Flo. 40. — DividiiiK cell with chromo- 
somes arranged in an equatorial plato, the 
same stage as Fig. 39, but viewed from 
the Mn. Late prophase. 
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view thfi chromosomes form a figure which may resemhlo a star (Fig. 39}T 
Viewed from thc_ side the ehromosomes appear to \iv in a phine {Fij;. 40). 
Ijl this pfwitloii chrumatic %ure (the chromofiomes) may ])e spoken of 
as an equtUorial pUUe, The chromatic figure is now at the lieight of its 
affinity for -stains, and from this point on its ability to take up stains 
decreases. 

All of the stages from the beginning of the procrra cf cell division to 
this point are included in the prophases. 

Hw Metaphase. — ^In this phase each chromosome splits lengthwise 
into two egual portions. It is held that in general each chufgoaosome is 
thus approximately halved in a quantitative fashion ({Fig. 4iX> Xnd 
since the chromomeres, wliich are supposed to contain the elements 
that control cell activities and heredity, are believed to be arranged in a 




Fut. 41. — MetaphtuM; uf ccU (iivuion. The Fio. 42. — Kurly anaphase of cell 

ohromoaomM have aplit lensthwiae. divwton. The chromosoiiMS are with> 

drmwioB toward the poles. 



series along the chromosomes an equal qualitative division of each chro- 
mosome is thought to occur at the time of splitting. The metaphase is a 
brief phase covering no more than the period of splitting of the chromo- 
somes. In some species of animals the splitting of the chromosomes occurs 
before their arrangement in the equatorial plate. 

The Anaphases. — ^Almost immediately after the chromosomes have 
divided the two new chromosomes formed from each old one begin to 
draw apart, one going to one pole of the spindle and the other going to 
the opposite pole. This movement begins almost simultaneously for all 
the daughter chromosomes, and as a result th( y pass to the poles as two 
groups. In an examination of preparations which ehow many mitotic 
figures it is possible to find many anaphase stages from t hose in which the 
chromosome groups are just drawing apart, as in Fig. 42, to a condition 
in wliich the chromosomes are more or less densely massed about the ends 
of the spindle, as in Fig. 43. Thus the anaphases are concerned with the 
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distribution of daughter ciiromc^omes to the two new cells about to be 
formed, and the end ol the phases is not definitely marked. In tlic late 
anaphase there may sometimes hv- found a slight indentation of the cell 
membrane on either side of the cell in the plane of the equator of the 
spindle. These indentations mark the beginnings of the division of the 
c\'toplasmTnto two portions. At this time in some cells it may be possible 
to note small ^^I•anlllcs on the spinrUe fibers in tlic plane of the ecinator. 
The new cell membrane when lonnf^d piisses through these granules. 
The division of the cell into two is eomplet<^d by the gradual tighteningof 
the const riction about the equator of the cell. In j)lant cells, a cell plate 
is usually formed at the plane of the equator of the s|)indle as the result 
of thickenings on the spindle fibers, and there is no constriction of the ceil 
at its middle. 



Fia. 43. — Dividing cell exlubiting a coosiriotiou of the cell mctubrane ia the cqua- 
lorial ngloa ftad a naaiinff of the chromosomes at the poles in lat« anaphase. 

Fio. 44. — Lafp telophase, or flic < nnipU'tiun of coll division. The centrosomca have 
divided as if preparatory to the next division, and tiu> nuclei are again in the resting 
eondition. 

The Telophases. In these concluding phases ( Fig. 44) oc-enrs the re- 
construction of the cells and ntieloi after division. Tlie new cell membrane 
in the plane of division is comi)letetl by u constriction of tlie membrane in 
the equator of the cell, whose beginning at the surface is shown in Fig. 4:^. 
The chromatin becomes diffuse, in some cells retracing the prophases, 
that is, undergoing changes in inverse order, often through an apparent 
loose and close spireme which finally assumes the condition of a network 
with net-knots. In other cells the ehromosomes become inflated vesicles 
which fuse to form the nucleus. A nuclear membrane is formed but the 
source of the material of which it is formed is not known with surety. It 
is believed in some cases to be of the same material as linln. Sooner or 




Fio. 43. 



Fm. -J l. 
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later mieleoli appear. Tlie achromatic Jgure begins to fade away. 

Traces of the spindle, however, may sometimes be seen connecting the two 
nuclei, but pinched together in the middle by the constriction of the 
cell membrane. The astral raj's about the centrosomes disappear. The 
centrooome of each daughter cell may divide at this time in certain species 
or it may remain undivided until about the time of the next division of 
the cell. In some species it may entirely disappear only to reappear at 
the beginning of the next mitosis. In cells o£ the flowering plants a 
centrosome doe« not exist. 

ReconstriK Ti II may now be said to be complete (Fig. 44). The 
daughter cells, however, are only half the size of the mother cell from which 
they arose. There surceods a period ot growth which is followed in 
turn by another division of the cell. The process of cell divibion is re- 
peated most frequently in young and rapidly growing animals but it 
occurs at all times during the life of the individual. 

VARUTions in mitosis 

In many cells of animals and plants iniiosis differs in unessential 
features from the generalized process descrilxnl above. These variations 
may concern the achromatic figure, the chiouiatic figure, the time rela- 
tions of certain parts of the process, or the mode of division of the cyto- 
plasm. 

Achromatic Figure. — The centrosome is usually demonstrable in 
dividing animal cells if proper staining methods are employed, but pains- 
taking research has now condusively shown that cells of higher plants 
do not possess centrosomes. The difference is shown in Figs. 45 
and 46 which illustrate animal cells with centrosomes, and Figs* 47 and 
48 representing plant cells in mitosis without centrosomes. Centro- 
somes are remarkably well shovm in the dividing genn cells of Ascorts. 
When the centrosome is present in the cell its division usually precedes 
the formation of a spireme. Sometimes, indeed, the division of the cen- 
trosome occurs during the telophase of one cell division in prepsiration 
for the next division. iThe movement of the centrosome tn the opposite 
poles of the nucleus Ifrequently occure before rather than during the 
formation of the spireme.] 

The origin of the spindle is subject to some variation. In cells of 
some species, the salamander for e.\anii)l(>, the spindle ori^;inates outside 
of the nucleus and its fibers penetrate into the nucleus upon the disso- 
lution of the nuclear membrane, while in other species the original 
spindle fillers of the amphi;ister disintegrate' and new ones arise from 
material within the nucleus, p(j.ssihly from the Imin fibers. In certain 
species of Protozoa (Fig. 49) and in some other animals, among them 
certain arthropods and rotifers, the spmdie is formed inside the nuclear 
membrane. 
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Chromatic Figure. — The spireme is described for some species as a 
continuous thread. In other species there is no continuous thread for 




Fio. 45. Fio. 46. 

Fio. 45. — Mitosis involving controsomes in a cell of the segmenting o>'um of Unio. 
The spirrmo ifl irregular and the nuclear metuhrano is undergoing degeneration. (Prom 
Dahlgren and Kepnfr'a Pnncijtlea of Animal Histolooy-) 

Fio. 46. — Mitosis involving centrosomes in the egg of the mollusk Diaulula. The 
equatorial plate is shown in side view. (From Wilson's The Cell, after AlacParland.) 




Fio. 47. Fio. 48. 

Fto, 47. — Mitosis in the absence of centrosomes in a cell of the root-tip of the hyacinth. 
The spireme has recently segmented into chromosomes. (From Dahlgren and Kepner's 
Principles of Animal Histology.) 

Fio. 4S. — Motaphaso of cell division in the root-tip of the hyacinth (see also Fig. 47). 
The centrosomes are absent throughout the process. (From Dahlgren and Kepner's 
Principles of Animal Histology-) 

I the chromatin forms in segments directly at the time of the condensation 
of the chromatin network. Even so important a feature as the spHtting 

1 



Digitized by Gc 



78 



PRINCIPLES OF ANIMAL BIOLOGY 




of the chromosomes has its variations. While, as stated above, it 
t3rpically occurs while the chromosomes are in the equatorial plate, there 
are many instances in which the chromosomes divide 
long before tliey assume an equatorial position. In 
some species this splitting occurs as early as the spireme 
stage. 

The chromosoiiu's vary greatly in form. Frequently 
they are V-shapcd. Short or long rods and spherical 
forms are also common, whih' some are hook-shaj>c(l. 
In the maturation of eggs and si)crm.s <*hroiiiosumos 
usually unite in pairs, and then the pair may assume 
ringlike and various other forms. 

Division of Csrtoplasm. — In the method of dividing 
the cytoplasm into two parts at the time of mitosis 
th^ is a dtflferenoe between plant and animal ceUs. In 
most animal cells there occurs a constriction of the ceU 
body in the equatorial region. This process of constric- 
tion continues until the cytoplasm is divided into two 
parts. In plant cells division of the cytoplasm is ac- 
complished by the growth of a cell plate at the median 
pomts of the spindle fibers. The position of the cell 
plate is first marked by thickenings on the spindle fibers 
(Fig. 50). These thicken- 
ings increase in siae and 
numb^ during the telophases and event- 
ually a new cell wall is laid down in the 
plane which they occupied. 

Significance of Mitosis. — The signifi- 
cance of the mitotic method of cell division 
may be appreciated wlien one contemplates 
the fact that the j^roccs.s rcsult.s in an ap- 
proximately equal quantitative and quali- 
tative division of the material of each 
chromosome. The e(}ual qiuilitalivt divi- 
sion of the chromosomes is especially of 
great importance. It is the present day 
conception, supported by a considerable 
body of evidence derived from breeding 
experiments and observation, that many 

of the substances (of whatever sort they „ ^, ^ ^. , „ 

, ^ ,. . , . . .1 .. • (trom Dahlgrenand hepner ttPnn- 

may be) which dctenmne the activities of dpUt «/ Animal HiHoiooy.) 
the cell and also those which determine 

hereditary qualities (the genes. Chapter XI), are distributed along the 
length of the chromosomes. It is also believed that the individual 



Fru. 40.— In- 
tnauclear mitosis 
(anaphase) in the 

rhisopod proto- 
zodn Euglypha. 
(From Wilson' a 
The CeU, after 
Sehawiakoff-) 




Fio. 60. — Formation of the cell 
plate ill n dividing cell of the root 
tip of the hyacinth. The thick- 
eningn on the fibers of the spindle 

arf ilic iK'niniiiiic of tho proroKs. 



Digitized by Google 



CELL DIVISION 



79 



chromosomes retain their individuality even during the period when 
the chrouiatin is airaixged in the form of a network, so that when the 
chromosomes are reformed during the prophases each chromosome 
contains the same chromomeres which it contained at the clo-c of the 
anapliase. According to this view certain eiiromosomes or groups of 
chromosomes arc re.sponsible for certain hereditary characters and prob- 
ably for certaui pliysiological activities depending on the elements 
contained in their chromomeres. If this assumption be correct, the 
longitudinal spUtting of the chromosomes with the resulting splitting 
of the longitudinally arranged chromomeres, is the only method by 
which the equal division of those substances which control cell activity 
and heredity may be assured. It is worthy of note in this connection, 
however, that while the exact halving of the chromosomes occurs in 
the division of the somatic or body cells of animals, it does not occur 
in the reduction mitoses of the germ cells, which are dealt with in de- 
tail in Chapters X and XI. 

Excepting frequent differences between f he soxe;;, the numjber of 
chromosomes is constant for each species* Thus there are four chro- 
mosomes in the nematode worm Aaoaria megalocephaUif eight in the 
fruitfly, Drosophtla tnelanogaster, 22 in one of the bugs, and aooording 
to one investigator 47 in the male of the human species. 

Mechanism of Mitosis.— The form of the mitotic figure in the late 
prophases, metapliase and tho oarly anaphases, and particularly that 
portion of it made of achromatic material has led to its comparison 
with the lines of force reveal€»d by the arrangement of iron fiUngs in 
the field of a horseshoe magnet. Such a comparison furnishes an excellent 
illustration or model, but it offers Httle to the solution of the mechanism 
of mitosis. Nevertheless, it is not impossible that mitosis is an electro- 
magnetic phenomenon. 

One of the older views in regard to the forces operating in mitosis was 
that the astral rays and spindle fibers of the achromatic figure were 
protoplasmic threads which were capable of contraction. According to 
this view certain fibers were attached to the chromosomes and the move- 
ment oC the chromosomes was due to pulling by these fibers. This con- 
ception is not without support at the present time. Originally evidenced 
only by observations on fixed and stained cells it has had within recent 
years some support from the experimental side. A long series of ex- 
periments in which dividing plant cells were subjected to solutions of 
various poisons has shown that these achromatic structures act as if the 
parts were made up of definite fibers which arc thrown out of their normal 
position by the action of the poison. Certain investigators claim to have 
dissected out individual chromosomes from the dividing cells of salaman- 
der testes and occasionally to have found a chromosome to which was 
attached a minute protoplasmic thread which they considered to be apor- 
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tion of the acliromatic figure. What causes these iibers (if they are 
fibers) to behave in the definite and orderly fashion which may be observed 
in mitosis cannot be stated. 

Active migration of the protoplasmic substances, du'- no (ioubt to 
their ehnminal re^ifytion s, has been appealed to to exphiiii live move- 
ments of the chromosomes. Another view attributes these movementn 
to the enlargement and collapse of multitudes of vesicles in the proto- 
plasm. Further knowledge of the mechanism of mitosis probably 
awaits disoovertes in the field of colloid chemistry. 

It was once thought that the whole process of mitosis was under 
the control of the centrosome which was supposed to be present in every 
ceU. When it became known that the centrosomes behaved in a different 
manner in various cells and that although they were non-existent in 
most plant cells mitosis proceeded in an orderly fashion in such cells, 
the idea of the importance of the centrosome was abandoned. The 
splittihg of the chromosomes is probably to be accounted for by some 
form of protoplasmic movement. It is not impossible, also, that their 
movement in the anaphases of mitosis is due, at least in large pArt, to 
active migration of the chromosomes themselves. 

AMITOSIS 

In contrast to the exceedingly complicated method of cell division 
outlined above is the method of direct cell division to which the name 
amiiosU is applied. The process is begun by an elongation of th(^ nucle- 
olus and a constriction of tlie nticlear membrane. The nucleolus finally 
separates into two portions and the constriction al)oiit the nucleus <'on- 
tinnes until the nucleus is cut in two, each part of the nucleus contain- 
iiiS one of the halves of the nucleolus. Figure 51 illustrates this mode of 
division. Not infrequently a process occurs which resembles incomplete 
amitosis. but which may not be strictly related to cell division at all. 
Thus the nucleurt may become ami remain bilobed, \mi the cell not divid(\ 
In certain cases, for example in the follicle cells of the cricket V o\ ary", the 
nucleus completely divides in anutotic fashion, but the cytoplasm remains 
undivided. In this instance amitotic nuclear division does not result in 
cell division but in an increase of nuclear surface. Nuclear division of a 
similar type has been reported in developing muscle cells and is said to be 
common in stratified epithelial cells of higher vertebrates. According 
to some investigators cell multiplication is carried on by mitosis usually, 
but late in the series of cell generations nuclear amitosis occurs giving 
increased nuclear surface without division of the cell; while observations 
by at least one investigator have shown that in tissue cultures the nuclei 
may divide at first by amitosis and later by mitosis. 

Limited Occurrence of Amitosis. — Amitosis as a mode of cell division 
seems to be of limited occurrence. It has been reported by numerous 
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investigaton in dividing cells of young animAb, in reproduetive tiflsues, 
and in regeneration, but many of these instances are in question. Other 
investigators who have examined reputed cases of amitosis are of the 
opinion that the appearance of the nucleus or of the cell and nucleus 
resembling stages in amitosis can be interpreted without referring them 
to coll division at all. For these rocosons it must be considered until 
more is known foncerninc; the process that amitosis is of little importance 
and of limited occurrence. The relation between mitosis and amitosis 
is very incompletely known. In some degenerate animals there are 
intergradations between mitosis and amitosis, so that the latter appears 
to be only a modified form of mitosis. 

Mitosis and Amitosis in the F^otozoa. — Amonp; Protozoa, both 
amitotic and mitotic methods of nuclear division occur. In many 




Fm. 51.— Amifods in the* follicle cells ol the cri'-kcr.s ovary. Various ategM of Bueloar 

division are shown. {From Conklin.) 

instances, as in Coccidium schubergi, amitasis is the method of division 
employed. In certain infusorians, as Paramecium, the macronucleus 
divides by amitosis and the micronucleus divides by a primitive method 
of mitosis. In Amoeba dtpUnnitatica two types of mitosis occur. In 
one type the chromosomes are arranged in an equatorial plate while in 
the other type they are not so arranged. An almost typical mitosis 
occurs in the rhisopod Ehiglypha, except that the entire process occurs 
within the nuclear membrane (Fig. 49), whereas in the mitoses which 
occur ui the cella.of most metasoa the nuclear membrane disappears and 
cytoplasmic dements enter into the process. In some of the Helioaoa, 
as in Actinosphserium and Actinophrys, the nuclear membrane persists, 
while in Anthocystis the nuclear membrane breaks down completely 
and eartra-nuclear elements cooperate in the process of mitosis. 
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DISCUSSION 

The physiological causes of cell division aro still problematic. One 
of the suggested causes of the iDitiation of the process is change in the 
surface tension of the cell. Evidence in support of this view is believed 
by some biologists to be found in the fact that unfertilized egg^ of many 
aquatic animals may be caused to segment (divide) if they are subjected 
to certain chemical troatmrnts. Such treatment reduces surface tension. 
If it were regularly true that this change in surface tension were 
localized, the phenomenon mij»;ht offer an explanation of cell division. 
Another theor}- connects the initiation of cell division with the well- 
known capacity of eoUoidal substances, ruentioncnl in the prererJint^ 
chapter, for changing from llie hquid to the semi-solid state and ncc 
versa. A rhythmical change^ in the viscosity of the protoplasm of cer- 
tain dividing eggs ha« been demonstrated, the protof)lasm hccuining 
nioro solid during the prophases and more liquid during the later stages; 
and when these changers in viscosity are artificially prevented, the divi- 
sion of the eggs is arrested. Whether the change in viscosity is a 
cause, either direct or indirect, of cell* division, or is merely an effect 
of some other factor which causes division^ is uncertain. A change in 
the rate of ondation of substances in the protofJasm has likewise 
been proposed as an agency causing cell division, and it is not im- 
possible that electrical phenomena are also concerned with the process. 
It is stated that cell division tends to preserve a certain relationship 
between the hulk of the protoplasm of the cell and the area of its 
surface, but this statement throws no light on the factors which initiate 
cell division and thus bring about the readjustment between the bulk and 
surface area of the cell. 

Univeraality ol Cell Division. — ^Tbat cells originate only from pre- 
existing cells was affirmed in an earlier part of this chapter. Evidence 
securetl from the observations of an enormous number of investigators 
working with both plants and animals sul)stantiate that statement. No 
trustworthy evidenec has been secured to show that cells originate in 
any other way than from cells or by any other method than cell division. 
Biologists are thus forced to accept the idea of tlie continuity of proto- 
plasm. Evidence for the continuity' of certain sjieciaHzcd cell organs is 
also at hand. Plastids, such as chloroplasts, oritiinat*' only from existing 
plastids by fission. Other cell organs besides chromosomes and phistids 
are known to divide and thus perpetuate themselves, but their uiainte- 
nance and growth depend upon their relation to the cell. It is this 
division of the cell and its organs, and cspeciuUy the equal qualitative 
division of the chromosomes, which fumidies the mechanism by which 
the two c^lU roaulting from the division of a parent cell resemble each 
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other. It IB through the operation of this mechatuam that hereditary 
qualities are tranamitted from parent to offspring. 

Dahlqren, F., and W. A. Kspnzil A Textbook of the Prinoiples of Animal 

Histology, C'bapter V. 
MiNcmN, £. A. An Introdttetion to the Study of tbe Protozoa, Chapter VII. 
ScomiDBii, C. Ififltolopaebes Praktikum der Tiere. 
WiiaoN, E. B. Tbe Cell in Development and Inheritance. 
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CHAPTEll V 



CELL AGGREGATION, DIFFERENTIATION, AND DIVISION 

OF LABOR 

Even a brief survey of living things reveals the fact that there is a 
great diversity in size and complexity of animals. At one extreme are 
animals so small :ks to require the aid of the microscope to see them and 
so simple in structure as to cause wonder that they are able to maintain 
their life processes, while at the other extreme are animals of great com- 
plexity and sometimes of enormous size. Examples of the first group 
are the Protozoa (orie-eelled animals); while insects, fish, l)irds, snakes, 
and such mammals as the mouse and the whale illustrate the second 
group. Between tlie extremes of simplicity and complexity many 
gradations occur, so that animals may be arranged in an ascending or 
descending scale of oniaixi nation. In such a scale it is found that in 
certain species the individual consists of a single cell and that in species 
not widely differing from tliem tlie cells are grouped into some form of 
aggregation. Furthermore, some aggregations exhibit a slightly more 
complicated relationship of the cells to one another than do other 
aggregations in which the cells are Yery similar. That is, the scale at 
many places is a finely graded one, and the nature of the steps from one 
member of the series to the next may be various. These differencesin the 
method of aggregation open wide possibilities for differences in physiolog' 
icai influence or dependence of cells upon each other. They also raise 
important questions regarding the origin and significance of the higher 
degrees of complexity. Changes in structure and changes of function 
of the cells or individuals during the evolutionary development of the 
complicated forms are strongly suggested, and speculation upon the 
nature of these changes is invited. Almost the only source of information 
regarding these questions is an examination of the different types of 
aggregation now found in animals and the probable relationships that 
exist among them. 

From Single Cell to Colony. — The point of departure in seeking the 
facts in regard to cell ati^irenation is obviously the single cell as it exists 
in the majority of protozoan species. In these species the cell carries on 
tlie functions of the body. It takes in food, digests it, and assimilates 
the products of digestion. Within this one cell are carried on the proc- 
esses of respiration, secretion, excretion, and locomotion. It responds 
to stimuli, and it produces other cells. Thus the cell in such protozoan 
species carries on all its life processes independently of its fellows. Its 
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reproductive proceesesi when these are asexual, as by budding or fission, 
do not require the codperation of another member of the species. It is 
only in sexual reproduction, which is the least common method in most 
Protozoa, that the cooperation of another coll is rcq aired. This state 
of indepenileneo is exemplified in such Protozoa as Paramecium, Eu^lena, 
Amcnba, Clilamydomonas, Stentor, and Vorticella. In a larp;e number 
of species of tliis type the cells are rnf-ule. If they are sessile (attached) 
they may occur singly or in groups, but even in the latter case the cells 
have no organic union with each other. 

In a mucli smaller number of protozoan species, on the contrary, 
the cells arc associated in ag^egates or colonies in which there may be 
an organic union between the cells. The aggregate may involve as few 
as two cells or as many as thousands. The organic union is usually due 
to the fact that when cell division occurs in such species the resulting 
cells remain in contact with one another. The cells may, however, 
become separated but still be retained within the jelly-like envelope of 
the original cell; or there may be a coming together and rearrangement 
of the cells after they have been separated. If the cells adhere after cell 
division a more or less complex aggregation is built up whose morpholog- 
ical characters are dependent upon the plane of division, the subsequent 
growth of the cells or of certain of their parts, the development of new 
parts of cells, or the rearrangement of the cells. In accordance with 
these differences, different kinds of aggregations or eolonies are produced. 

The most common forms of i)rotozoan colonics are linear, dendritic 
(with tree-like branchings), and spJieroid. There is also a nnich less 
common form of colony, the grKjaloid, in which c(>lls are scattered irregu- 
larly through the mass. The three most common types of colony are 
discussed and illustrated below. 

The linear colony is the result of repeated cell divisions m one plane 
follow* d by incomplete separation of the resulting cells or, as among the 
Gregai iiu s, the linear series may be produced by the end to end union of 
previously separate cells. The latter method is obviously on(> of rear- 
rangement. In the parasitic mesozoon, Haplozodn Hmare (Fig. 52), a 
linear series is formed by repeated fission in one plane. The anterior 
cell is the oldest Through it nutritive solutions pass to the other 
members of the series and by means of it they are attached to the host. 
The other cells perform the function of reproduction. 

Dendritic colonies have a branching form like trees. Good eicamples 
are Dinobryon and Codosiga. Dinobryoo (Fig. 53) is a free-swimming 
colony each cell of which is enclosed in a cup*like sheath of cellulose. 
After reproduction by simple longitudinal fission of the cell, one of the 
daughter cells occupies the old sheath while the other migrates to the 
edge of the sheath where it attaches itself and there proceeds to grow 
and to produce a new sheath. Kepetitions of these processes produce a 
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troe-like colony. In this species the separation of the cells is complete 
and the cells rearrange themselves after division. Codosiga (Fig. 54) 






Fio. 52. — HaplotoOn lineare, 
an example uf a linear colony. 
h, •omatic cell; other oelU ger- 
iDitMd. (From Hva^itfier DooieL) 



Fio. 5S.—Dinobryon ^crtularia Eh- 
renberg. A. arr!in>?en»cnt of coIIh in a 
tree-like colony; B, iudividual ia tta oup> 
Uke ahMth. (After KtnL) 



is a stalked form. Mier a (*ell divides the two new cells remain attached 
to the old stalk but each cell begins to secrete a new stalk. With success 




Taa. 54.*~C<Mfo«Hia eymoaa K«nt. A, treelike form uf colony; B, intUvidual cell in detail. 

(A/Cer KctU.) 

sive divisions followed each time by stalk-formation a tree-like colony 
is produced. Anthophysa (Fig. 66) is a further example of a dendritic 
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colony. It is composed of groups of flagellated cells borne on the tips of 
a branched stalk. 

A series of dendriti(! colonies beautifully graded in complexity is 
exhibited by species of VortiucUa, Epistylis, Carchesiuni, and Zootham- 
nium. Individuals belonging to species of Vorticella are unicellular and 
never form organic colonieB. Each individual is provided with a contrac- 
tile stalk. Cell division is followed by the eomplete separation of one 
or both cells from the old stalk. The free cells swim about and finally 
each attaches itself to some object by its aboral end and then produces a 
new stalk* The species of the other genera named above occur as more 
or less complex tree-like cdionies. In some species of Epistylis there 



FiQ. 55. — Anikophyta vegetans MnUer. Spheroidal oolozuea arranged on a branching 
stal k . tlittB oomfaining two types of ooloniw. The aUJk U made up of many fiben. (AJUr 

may be as few as two oeUs on a noo-eontractile stalk, but in E, flavicans 
there may be hundreds of individuals and many primary staJks with 
their branches imbedded in a mass of jelly of the size of a walnut or even 
of a baseball. Such a colony is a combination of the dendritic and 
spheroid types. 

Spheroid colonies are somewhat spherical or ellipsoidal in fonn. 
Their cells usually form a superficial layer in a gelatinous mass (Fig. 66). 
Stalks may connect the cells with a common center, as in Synura or in 
some species of Uroglena, while in other genera there may be no stalks. 

A beautiful series of spheroid aggregations illustrating development 
in complexity is found in the Yolvocales. The genera comprising this 
series are Gonium, Pandorina, Eudorina, Pleodorina, and Volvox. 
The members of the series probably all took their orip;in from a form like 
Chlamydomonas, whose single coll is f\irnished with a nucleus, chloro- 
plast, pyrenoid, stigma, vacuoles, two fiagella. and a ceil wall (Fig. 57). 
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With regard to diflcrcuitmtion the simplest colonial form of the 
scries is Goniiim, of which there are two species, (!. socialr with only 
four cells and G. pedorale with 16 cells arranged in the form of a plate. 




Flo. 56. — Budorina dioam EhrenberK. A, adult colony, X 476; B, cbmshtor edony 

produrrd 1>y division of one of tho rolls of A, X 730; C-E, clcveli^nMnt of apennatoKw 
from a mother cell; F, spermfttosoa. {from We*t a/terGoebcL) 

The cells of these species are so arranged that all their fiagella protrude 
from the same aide of the jelly mass. The inclusion of 0<mium pedordU, 

a flat plate, among sphennd colonies would be open 
to question if it were not for the fact that the cefls 
of the young colony are not arranged in a plate but 
in a rounded mass formed by division in three planes. 
By a subsequent rearrangement of the cells they 
come to lie in a plane. The adult colony of Chmum 
pedorale and Oanium aociale are shown in Fig. 58. 
Pandorina morum forms the next step in the series. 
A colony of Pandorina (Fig. 59) consists of a com- 
pact group of 8 to 32 cells, the usual number being 
16, arranged in the form of a small sphere. The 
whole is embedded in a .secreted jclly-niass to which 
each cell contri])ntcs. Since tho cells are in contact 
their sides an^ flattened. Each cell reseml)les a little 
pyramid whos<' ;vi)ex is at or n(>ar the center of the 
sphere. A slight .stej) in advance of Pandorina is 
pres<'nted hy Eudoriitd dxitms. A colony of Eudo- 
rina (Fig. oO) consists of 32 cells situated rather far 
apart and near the surface of a nearly spherical mass 
of jelly. In each of these forms (CJonium, Pandorina, Eudorina) the 
cells of a colony are similar to one another. 




Cfir 



Pio. 57. — Chla- 
mydomonat, n aiutiU' 
iregBtativo coll. a, 
•tiginftt cAf, oluroinai" 

tophore; g, flanellurn; 
k, nucleus; py, pyre- 
noid; r, vsOttoles. 
(Frum licgntt ttfUr 
OltmannH.) 
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The genus Pleodorma furnishes the next two members of the series, 
namely, Plcodorina iUirwisejisis and P. cdhfumtca. The former of these 
resembles Eudorina elegmus in furni and appeaianee. It is ellipsoidal 
and has 32 cells embedded in a jelly matrix. In the typical condition, 




Fw. 58. — A, Ovmum Mciob; B and C, Giunwn pmtorakt top Kod dde views. 

however, four cells at the anterior pole of the aggregation are siaaller 
than their fellows. This difference in size docs not always exist, for 
In abundant material every gradation l)ctwcen Eudorina dajans uith 
its cells of uniform size and P. illinoisensis with its four small cells 
can be found. Pleodorina ealifomica is much larger than P. iUinoiaeMU, 




Tta. 50. — Panderina marttm^ m apberoidml colony. 



and its cells are more numerous. Tfs cells are always of two si^cs, large 
and small, the proportion of small cells to the total number bein^ nnich 
higher tiian in P. illinoisenifis. The struct\iral polarity in the aggregation, 
due to the difference in size of cellsi is very marked. 
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The series finds its Elimination in the genus Volvox, the species 
of which show considerable range in size and complexity. The num- 
ber of cells in the iiiass ranges from 200 to 2000 in the smallest 
species, Volvox aureus, and to more than 50,000 in V, routBeletu. In all 
the species the cells are arranged near ihe surface of a hoUow sphere of a 
gelatinous or mucous material. In old specimens of V, perglobaior 
the cells are widely scattered while in V. r{ms8eletii they are compactly 
arranged. The ccJls of Volvox are of two simb, the small cells being in 
great abundance. 

New colonies of the species of Gonium, Pandorina and Eudorina 
are formed by the repeated division of each <rf the old cells of the parent 
colony. In this manner as many new colonies are formed as there were 
cells in the parent. In Pleodorina only the large cells are capable of 
producing new groups of cells by fission, the small cells having lost this 
power. In Volvox the function of reproducing asexually is possessed 
only by very large cells, tlie parthenogonidia. Since all the small cells 
have lost this function they resemble cells of the bodies of higher animals 
and hence arc callecl somatic cells (from soma, l)O(ly). The partheno- 
gonidia are irregularly distributed among the somatic cells. Their 
number varies in different species. They are provided with cldoroplasts 
and ill young stages witii two flagella. Numerous ])rotoj^h\sniic strands 
connect the parthenogonidia with the ncigliboring souiutic cells, in the 
same manner as the somatic cells are connected with one another. When 
a parthenogonidium divides it produces a plate of cells which by sub- 
sequent movement of the cells becomes molded into a hollow sphere 
which for some time has an opening to the exterior. As the sphere in- 
eieases in size it sinks into the cavity of the parent and finally comes to 
lie entirely within the parental cavity. After having attained consider- 
able sise, these small spheres, the young individuals, escape from the 
parent by a rupture in the wall of the latter. Sexual reproduction occurs 
in all the genera of the Volvox series by means of specialised cellsi the 
gametes or mature germ cells, two of which fuse to form the oosperm. 
The oosperm then divides to form a new individual. The variations in 
the reproductive processes of this series cannot be described here, but when 
they are diacusBed in a later chapter it will be found that in its method of 
sexual reproduction as well as in its structure Volvox is more complex 
than the otbw members of the series. 

This series shows increasing complexity in aggregation, a complexity 
which involves not only increase in the size of the aggregation as a 
whol(% ])ut also a modification in the size. form, arul function of some 
of the coinjionciit cells. These nifwiificutioiis may be traced as a series 
of stepis, beginning with colonies of unmoditied ceils and extending tO 
aggregations possessing three types of cells. 
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Differentiation. — Modification from the simplo to the complox, like 
that W'hifh has apparently occurred in the Hcvelopinent of Volvox, 
niny ho called dijlJcrcntiation, which means a bi ( ntnint; dilTerent. This 
term is also used concretely to denote the end result of llu chanRe. Dif- 
ferentiation always involves structural changes of some sort, such as 
changes in size, form or proportions, and also internal changes, some of 
which may be invisible. Diflfprentiation, moreover, always involves 
specialization, and is always nccunipamtHi hy dimsion of labor. Byspecial- 
ization is meant limitation of function to one or a few processes; by 
division of labor, the parceUng out of various functions among cells, 
Btnictuies, or individu^. The moBt obvious applicatknis of the Umsm 
differentiation and division of labor are found in joomplex animalB, but 
they may be properly employed for very simple cells. For instance, 
simple cells are not made up of a homogeneous material. Their pro- 
toplasm is differentiated into parts, as was pointed out in Chapter IL 
In Amoeba there are relatively few parts, in Paramecium there are many 
more parts. In other words, differentiation has gone farther in the 
latter animal than in the former. 

It is not sufficient, however, to regard differentiation as referring 
entirely to structural features since differentiation also involves func- 
tion. Each differentiation of protoplasm as manifested in some structure 
of a cell is concerned with the performance of a certain f\mction or at 
most with a limited group of functions. In Paramecium, for example, 
a c(5rt;iin part of the cell is concerrtrd with locomotion, another with 
the expulsion of waste materials, anotlu r with movements incident to 
food-taking. Other portions secret^ hi^estivc enzymes. The micro- 
nucleus is concerned with sexual reproduction and perhaps with certain 
other functions. Thus (!ven in single cells there is division of labor. 

Division of labor is more apparent, but no more real, in some cell 
aggregations than in the single cell, in Yolvox certain cells (the somatic 
cells) maintain the form of the body and care for the general functions 
of the entire group, such as locomotion, nutrition, and responses to stimuli; 
cells of another type (the parthenogonidia) are set apart for the multi- 
plication of the fipedes by asexual methods; and still other cells (the 
true germ cells) for the sexual method of reproduction. The somatic 
cells are incapable of functioning as germ cells. Each type of cell has 
a definite duty or circumscribed group of duties to perform. In a word 
each cell is a specialist in its vrark. Its structure is such that it can per- 
form its function sufficiently well for the species to maintain itself and 
when each cell performs its functions properly all the needs of the aggre- 
gation are met. Division of labor isthusatypeof codperation accompany- 
ing differentiation in which the sum of the functions of the parts makes up 
the functions of the organism as a whole. . 
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Organization. — With differentiation, specializaticm, and division 
of labor there is always organization. This is true of an animal or plant 
whet lior composed of only a single cell, or of many cells. In siich a living 
thinp; the separate jiarts are organized into a whole. This whole is the 
organism. It may be simple or complex, small or large, but to be an 
organism it must be capable of maintaining itself. Its parts live and 
grow and even increase their kind while in connection with the whole, 
but these parts cannot maintain a separate existence* 

Analogy From Industrial Organization. — The relations of the parts 
of some animal organizations to the whole will be made clear i)y an anal- 
ogy drawn from the field of industry. At the beginning of an enterprise 
a man usually carries on the whole business alone. In the conduct of 
the buBinees he oombines in one person thefunctions of producer, seller, 
buyer, and executive. As the volume of the business increases the indi- 
vidual associates with himself another who shares these duties. With 
the passage of time the business grows and the partnership becomes a 
company hiring many helpers, and finally it becomes a corporation the 
conduct of whose affairs reqoires the combined efforts of many people, 
each person performing a certain kind of work, perhaps at the forge, 
lathe, or saw, or as foreman, factory sup^intendent, sales manager, or 
clerk. There may, in fact, be whole groups of peo|^e, each oup doing 
the same kind of work. All these form a complex organization of indi- 
viduals all working not only as individuals with certain ideas regarding 
profit to themselves but as members of an association working toward the 
accomplishment of a common end. The groups in turn perform diities 
and create products which bear certain relations tf) the functions or 
business of the corporation. The outjiut is therefore the result of the 
cckirdinatcd efforts of many individuals. The corporation is a complex 
organization for a comnuiiiity of effort. It is the sum of its parts, that is, 
executive force, sales force, factory, and so on. The executive cannot 
maintain the proper function of the corporation without the rest of the 
orgaiiiz;i 1 ion, nor can the individual la])on>r perform his function which 
may be a single operation, the shaping of a single piece, apart from the 
organization. Spcciahzation and division of labor in such an organization 
has been carried to a high degree of perfection. Among men the develop- 
ment of any particular corporation is likely to proceed gradually as indi- 
cated above. Thus it is possible to find at any time industrial organisa- 
tions in any stage of development from the stage of individual endeavor 
to the corporation or the trust. So, too, among animals grades of 
organisation exist with their attendant differentiation into parts and vary- 
ing degrees of division of labor. 

' Experiiiu'nt.s have .slioun that this statement requires some qualificatiuus wbicb 
cannot be given here, See workfi of Loeb, Morgan and others on regeneration. 
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Animal Organizatioiis. — The simplest organization among animab is 
the cell. The ports of the cell perform different functions, bat if sepa- 
rated from eadi other cannot continue to exist. Many cells, such as 
the Protozoa among animals and Protophyta among plant;?, exist as 
separate indivfduaLs, not in contact with nor adhering to each other. 
Examples of Protozoa of this sort have already been cit^d. Contrasted 
with these are the loosely bound organizations among the Vorticellidin 
in which any cell may leave the colony, seek out a suitable place, settlo 
down and secrete a new stalk, and by repeated divisions of itself and its 
progeny produce a new colony. A closer organization exists in the augre- 
gations of the Volvox series already dcs('ribed. In Goniiiiiij I'Hiuiuiina, 
and Eudorina the cells are of the same sort, performing the same functions. 
It is possible that individual cells of these species might fimction and 
perhaps reproduce the species if separated from the colony, but ordinarily 
the mass of j elly holds them together. The ceUs of Pleodorina and Volvox 
are less independent of the organisation than are the cells of the other 
members of the series. In these two genera the cells cannot function 
properly after separation from their fellows, although they can exist for 
a brief time. When the cells are separated reproduction is impossible. 
In organizations of this character the cells are subordinated to the whole. 
Differentiation of types of cells and division of labor have not pro- 
gressed far, however, even in Volvox, the most complicated membwof 
this series. Its organization is relatively simple. More complex organ- 
izations must be sought among the metazoa (many-relied animals). 

In the metazoan body the unit of structure is the cell, which is also the 
functional unit. To refer to the analogy from industry, the cell of the 
metazoan body is the individual worker. The cell is subordinate to the 
organization, that is, to the organism as a whole. Beyond supplying its 
own needs it performs but one function for the organiziit ion, or at most 
a very few, and even its own requirements are in large measure met by it>s 
fel!o\ra. It is no lunger capable of performuig all the general functions 
of an independent cell like Paramecium or Amoeba. The needs of the 
metazoan bod}' arc met by dividing up the functions among many kinds 
of cells. All the cells of a kind performing the same function may occur 
in a limited region and be organised into a tiatue. The cells of this tissue 
may secrete a digestive fluid and at the same time form the lining of a 
digestive cavity. Other tissues, each composed of its particular type of 
cells which are suited to a given activity by reason of differentiation, 
perform othw functions, as contraction, the absorption of fluids, the 
storage of fat, or the excretion of injurious substances from the circulat- 
ing medium. Other tissues line cavities, others by virtue of their stiff 
walla or lifeless material which they secrete give physical sxipport to the 
structure as a whole. Still another tissue receives stimuh and transmits 
impulses in response to them. 
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Organization In Simple Metazoa. — ^In the simpler metasoa organiza- 
tion has not gone as far aaoutiiined above. In the sponges, for example, 
there is no differentiated nervous system (Fig. 32), but any of the ex- 
posed cells are capaljle of reeriving stimuli and conducting impulses in 
addition to thcii' other functions. In the sj)onpe there are but few con- 
tractile cells. These occur singly or in very small groups, and their 
function is to close up the pores tlu*ough wliich the water passes. The 
germ cells are scattennl and do not form tissues. Tlie cells which line the 
radiating canals and which arc therefore widespread in the animal carry 
on digestion. There is no circulating medium which carries food in solu- 




Fio. 60. — Hydra, diugrumuiatio reprmeatAtion of a satcittal tKTtitm. 61, 62, buds iu 
different st«iea of growth; ce, eetodemi; em* Midoderin; /, foot ; gvc, gaatrovBBcular cavity 
or o<nletitoron; nit mouth; ov, ovary; (, tantaole; to, testis. 

tion, but digested mat(?rials diffuse through the digestive cell.s into neigh- 
boring tissues. There is no tissue specialized fur the respiratory function 
since all cells wliicli come into contact with water carry on respiratory 
functions in addition to other functions, nor are there any special cells for 
the eUmination of waste materials. From these few statements it is 
obvious that the cells of the sponge are but little removed from protosoan 
celb in th^ degree of apeeialisatiion. 

Hydra and its allies differ from the sponge in the greater development 
of cells capable of contraction and in the grouping of reproductive cells 
into spermaries or ovaries. The cells of the outermost layer (Fig. 60) 
iom BeyendfunotionB, such asoontraction, conduction of stimufii support 
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and covering. Furthermore tliere are cells of this layer which by means 
of their thrcad-likt; stinging processes are able to serve as a means of 
protection or assist in the killing of prey. As in the sponge no set of 
cells is especially concerned with respiration, with tlie transfer of nutri- 
tive solutions, or with the control of the responses of tlie organism, for 
most or all of the ec^lls share in thes(> general functions. Thus in the 
sponge and Hydra there are tissues but their number is small. 

Tissues, Organs, Systems.- — In more highly orj^anized metazoa 
the tissues are often grouj)cd into organs. A few examples of organs 
will suffice to make clear the meaning of the term. In vertebrate animals 
(those with baok-bones) the stomach is a highly developed organ. Its 
inner lining is composed of & single layer of columnar epithelial cells 
commonly called the mucosa. Portions of the mucosa are modified into 
gastric glands (complex secretory structures) by which is secreted the 
gastric juice which plays an important part in the digestion of proteins. 
Surrounding this epithelial tissue is a layer of tough spongy tissue, called 
connective tissue, which forms a good support for the deHcate epithelial 
cells. About the connective tissue are two layers of muscle cells, the 
fibers of one layer running round the stomach and those of the other 
extending lengthwise. They strengthen the stomach wall and by their 
rhythmic contractions mix the contents of the stomach with the gastric 
secretion. About the stomach is a layer of closely fitted cells called* 
the peritoneum which acts as a fine, tough, well-lubricated covering. To- 
gether these ti^^-nes make up the stomach. Such an organization of tis- 
sues into a structure which as a wliole ]K rforins certain functions is culled 
an oi^gan. Other organs are the heart, liver, kidneys, brain, eye, tongue, 
etc. 

Only a part of the general function of digestion is carrie<l on by the 
stomach. Other organs which play inipoitant parts in the process of 
digestion are the small intestine, pancreas, liver and large intestine. These 
organs together with the organs for food taking and for the voiding of 
indigestible portions of the food comprise the alimentary system. The 
term system may be defined as an aggregation of organs which cooperate 
in the performance of one or more general functions. Very complex 
animals have several systems, among which are the respiratory, circu- 
latory, excretory, genital, muscular, sustentative, and nervous systems. 

The number and complexity of the Sjrstems possessed by an animal 
are to a certain extent an index of the degree of its organisation. The 
lowest and simplest metazoa, as Hydra and the sponge, are made up of 
tissues and it is scarcely proper to use the term organ in referring to any 
of their structures. Higher metazoa, contrariwise, have many of their 
tissues incorporated into organs which may be grouped into systems. 
Higher animals usually have more systems than lower ones and their 
systems are more complex and the functioning of the systems more corn- 
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plicated. An account of the structnro of tissues, organs and systems is 
deferred to the following chapter and the functions of organs to Chapter 
VII. 

Colony Formation in Metazoa. — ^Among the metazoa as among the 
Protozoa certain metliods of asexual reproduction, such as buddirip; or 
fission, may give rise to aggregates or colonies of in<Hvi(hials. The terui 
colony is strict 1>- applicable only to groups of individuals with organic 
connections and is so used in tliis V)ook. 

An understanding of the nature of colonics will proceed more easily 
from a knowledge of similar animals in species which do not fonn colo- 
nies. Especially useful for this preliminary purpose, because its near 
relatives are mostly colonial, is the simple freshwater Hydra. Hydra (Fig. 

60) reproduces by budding. As a bud in- 
creases in sise it may give rise to another 
bud; and before the first bud becomes sepa- 
rated from the parent three or four buds may 
begin to grow at other points on the surface 





Fig. Gl.— The hydroi<l, liuu- 
naifmUta ranMM, porti*Ht of u 
colony. 7>, polyp; mb, meduaa 
bud. {AJtcT AUman.) 



Kiu. 02. — Meiiu^a of BouyaintUUa mmom 
freed from the colony, enlaived more than Fix. 
01. {After AUman.) 



of the parent's body. The parent with its buds forms, in effect, a tem- 
porary colony. The association does not become permanent because the 
cells of the parent finally close the connection Ijctwcen the digestive cavity 
of parent and that of each of the buds and the buds are grndiially pinched 
off. However, while colony formation never occurs in Ilytlra it is very 
common in the phylum C'(x>lcntcrata to which Hydra belongs, being es- 
pecially common in the classes Hydrozoa and Anthozoa. The clas.sical 
examples are the hydroidSf or Hydra-Uke colonial members of the former 
class. 

Colonies in Hydrozoa and Corals. — Kxrrllont examples of colony 
fftrniation may be found in the liydroid genera J >(>ui:;iinvillea, Obelia, 
and Hydractinia. Bougainvillca ramosa (Fig. 01) forms a colony with a 
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much branched ccenosare (interior celluhir portion) bearing at the ends of 
the branches flower-like zooids, called polyps or hydraitths. The polyps 
are each provided with a hypostonie (see figure) and a circlet of tentacles. 
The Cttmosarc is surrounded by a toup;h cuticle or perifforc secreted by the 
cells of the ea'no.sarc. The colony arises from a })rancli('cl root-like struc- 
ture, the hydrorhiza, which is attached to a solid l)ody such as a rock or log. 
This colony is produced by budding without separation of the buds from 
the parent. From the stalks of many of the j)olyps, medusw (jellytislies) 
are formed by budding ^fedusie do not res<'ml)le p()ly]:)S but are bell- 
shaped individuals (Fig. 02) which after maturity iu'come separated from 
the colony and swim freely in the water by means of rhyliunic contractions 
of the bell. Each medusa produces eggs or 
sperms. The fertilization of an egg by a 
sperm results in the formation of a ciliated 
free-swinmiing embryo which eventually 
attaches itself by one end to a rock and 
develops into a poljrp. This pcdyp puts 
forth buds and thus a new colony is formed. 

Obelia forms a colony somewhat re- 
sembling Bougainvillea. In Obelia, how- 
ever, the medusa buds are produced by ^ 
budding from the stalks of certain branches 
(blaatoatyles) which do not bear pol^-ps at 
their tips. Each blastostyle is enclosed in 
a swollen chitinous sheath, the gonotheca. 
Obelia is thus composed of three types of 
individuals, two of which are sessile and 
incapable of sexual reproduction, while the 
other is a sexual frec-swinuning form. 

In Hydractinia (Fig. 63) the coeno- 
sarcal cores of the branches of the hydro- 
rhiza are fused to form a dense crust on the 
surfaces of certain shells inhabited by hermit 
crabs. From the hydrorlu/a arise many zooids on unl)ranched stalks. 
Some of the zooids are nutritive polyps, that is, procurers and digesters of 
food; others are defensive zooids; and the members of a third class give 
rise to 9paro9ac8 which are really abortive meduste, that is mcduss in 
which the gonads are well developed but which have lost their tentacles 
and mouth and the means of locomotion. The sporosacs serve only the 
function of produdng'eggs or sperms and must depend upon the feed- 
ing individuals for sustenance. 

The examples of Hydrosoa chosen to iDustrate colony formation also 
illustrate differentiation and division of labor. Differentiation of indi- 
viduals has progressed to such an extent that the species exhibit polymer' 

7 




FiQ. 63. — Portion of a female 
colony of Hydraetinia ceAtfiota. 

P, nutritivo polyp; Pi, moufhlen 
spiral polyp; g, bla^tostylo with 
8pori»;<:ic8; h, hydrorliyBm. (Afttr 
AUman,) 



Digitized by Google^ 



98 



PKJMirLE6 OF ANIMAL BIOLOGY 



pAinn, meaning that within the same species individuals may have 
different forms. 

The corals are fine examples of colony formation and their skeletons 
represent the results of the combined lime-secreting activities of the 
colony continuing through a considerable period of time. Most corals 
do not show differentiation into two or more types of individual but such 
differentiation occurs in Hjrdrocoralline. 




Fio. 64. — Diagram of a siphonophoro colou>' oompoaed of »ix kinds of individuals. (Modi- 

Hed /nm FMuAfnaitn.) 

Colony Formation in Siphonophora.— Tlic most i('markal)l(' cxainplos 
of colony format ion and polymorphism aci omjjaiiicd by division of 
labor occur amonj; tlio Siphoiiophora, one of tiu' orders of llydrozoa. 
These are free-sw iiuining colonies of j^reat con'jplexity. Each sipho- 
nophore colony (Fijj;. ()4) consists of a common tul)e of co-nosarc which 
bears at one end a pncuuiatophorc or Hoat and along its length zooids of 
various forma. The float is the expanded end of the ca'nosarcal tube. 
It generally contuin^ ga^ and serves to »up])ort the eulony which hangs 
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free in the water. Near the float is a group of swimming bells {nedo- 
calyces) which resemble medusie and whose function it is to propel the 
colony through the water by their alternate contraction and expansion. 
At intervals l>elow the swimming bells occur brads or covering scales, 
feeding polyps which ingest the prey and digest it for the entire colony, 
sensory polyps which in some species at least also serve as digestive 
organs, tentacles (defensive and offensive individuals) provided with 




Fio. 65. — Phyaalia, the Portunuese iimii-of-war, drawn from live nnimal floating on 
the surfaro of the st-a. cr, rrcNt; ;i, polyp: /»", piicunmtophore; /, tentacle. (From Parker 
and HtutweH's Textbook of Zodlogy, after Huxley.) 

nematocysts, and gonophores (reproductive zooids) with or without bells. 
A first examination of a siphonophore might lead to the conclusion that 
it is a complex individual with half a dozen kinds of organs. By a 
careful study of selected forms, however, and by means of a comparison 
of these with such forms as Obelia and Hydractinia and other Hydrozoa, 
it may be determined that each tyj)e of zooid which in a siphonophore 
resembles and functions as an organ is really a much modified individual, 
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cither polyp or medusa. In (■( rtain sporios the bracts contain remains of 
radial canals wliich are charactenstic of inf(hi>;e. The l)ract.s, swimming 
bell.s and gonophores are constructed on a niedusoid plan while the feed- 
ing polyps, sensory polyps and tentacles are constructed on the polyp 
plan. In a few speci<\s the gon()i)iiores may separate from the colony, 
as do the medusic in typical hy<h()i(ls, hut usually they remain attached. 

The "Portuguese man-of-war," Physalia (Fig. ().')), dilTers from the 
gent'ralized form described above in possessing a float which sits high 
above the water and .serves as a sail. It has no swimming bells or bracts. 

Colonies in Other Metazoa. — Colony formation occurs among a few 
other groups of animalg, samelyi the Porifera, the Bryosoa, Ceatoda, 




A B 

Fig. go.- — Stnu turea of Br>'ozoa. A, Bugula aricularia, portion of a eolony; Afh 
avirularia; D, aliinontary canal; F, funiculus; Oe», esiJphaniis; ()rz, ovicells; R, rrtrartor 
niusrii'; Tc, tfntarle.«. (From Sedgurick'n Textbook of Zoology, after von Xordmann.) B, 
' Cabe.rea cUisi, portion of a colony, fr. or, frontal aviciilaria; lot. at, lateral avicitlaria; 
vibracularia; «. cK, vibracular chamber. {JFrom RoberUon in UnivertUy cf CaHfomia 
PtMieaiunu.) 

Annelida (rarely), and Tunicata. Sponges (Porifera) are considered to 
form colonies but the fusion of the bodies of the individuals is SO complete 
that it is difficult to distinguish their limits. The Bryozoa (moss animals) 
form dendritic, spheroid, or irregular colonies. Some of them, for ex- 
ample Bugula, also exhiijit polyinorpliisni. In a colony of Bugtila the 
most common individual is the nutritive zooid provided with tentacles. 
Of the other members of the colony the avidilaria (I'^ig. OG, A), a ty|)e of 
individual shaped like a bird's head and having ;i movable jaw-like struc- 
ture, may berve u^s grasping devices, perhaps lor defense; and oviceUs are 
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rounded atruGtures which serve as recseptaclea for the fertilised ^igs. Id 
Gaberca (Fig. 66, B), another btyozoon, are individiuds of a fourth 

tyF>e, the mhracularia, which sei-ve as tactile threads. The aviculariai 
vibracularia, and ovicells are individuals which unlike the nutritive 
aooids consist of the body wall alone, the intestine and tentacles having 
been lost. 

Although among the Annelida (segmented worms) colony formation 
is rare, one species, Syilu ramosa (Fig. 67), by lateral budding produces 




Fio. 67. — Syllia mmomt, a pdlychajte worm, with lateral buds. Two young buds are 
shown at tup. right. Only a small portion of the colony is shown. {Afier Mcintosh 
in ChttUenotr Rtporta.) 

a branched colony from which sexual zooids, male and female, finaily 
arise. The sexual zooids later separate from the parent eoIon3^ 

The Cestoda of which any tapeworm (Fig. (>8) i.s a good example 
form colonics by fission in a budding zone near tlie iseolcx or so-called 
head. Each segment, or jrroijloUis, is to be regarded as an individual. 

The Tunicatu (a group of degenerate animals related to the verte- 
brates) give rise to colonics of various sorts. The colony may be a more 
or less regular encrusting mass as in Botryllus (Fig. 69), or it may be in 
the form of a hollow cylinder as in Fyrosoma (Fig. 70). The zooids are 
embedded in a oommon gelatinous mass and each looid may or may not 



Digitized by Google 



102 



PRINCIPLES OF ANIMAL BIOLOOY 



have iin individual slicatli. Whereas in the colonial ecelenterates there 
h a eoiiimon difiestivc cavity, in tlic tunicatos each individual has its 
own mouth op<Miiiig and digestive ca/ity which discharges through a 
common cloacal chntnber. Such a condition is well sliown in lioti vllus. 
In Pyrosoma (Fig. 70) the oral apertures open on the outer surface of 
the cylinder in which the individuals are embedded and the anal (cloacal) 
opening coi the inner surface. 

Among the metasoa the formation of colonies (as distinct 
from societies such as exist among ants, wasps, and bees) oc- 
curs only in those groups which employ an asexual mode of 
reproduction such as budding or fission. Animals which 
employ the sexual method of reproduction alone do not 
form colonies or aggregates. Unlike the Protoxoa, among 
which colonics are sometimes formed by rearrangement cf 
cells following fission, among the metazoa colonics are never 
formed by a rearrangement of the individuals. 





Fio. 68. Fia. 09. 

Vui. OS. — TajHnvorin, !l ynu nalrjnti tnun'na, from ihv irifostiiu> of tho rat. Al llio 
upper end of tho tigurc is the M.-utex or so-called head with suckers aud hooks. The seg- 
ments of the body are equivalent to individuals. (From HeMM and Dofinn.) 

Fi<;. 69. — Bolryllua goulrlii, pjirh'nn of a rolony affnchod 1<> a jiifro of wawced. 
Individuals are here arranged in the fomi of hvc rosettes, each rosett^e about a commoa 
dimml aperture. 

OxigiiL of Colony Fonnation. — ^The colonies descrilx cl above are 
organic colotiic^s since each is an intimate union of individuals of the same 
spfviea. Such colonies may consi>( of like individuals or tlu^o may be 
difYerentiation, ixjlymorphisnj, and division of lahor. Differentiation of 
individuals ami division of labor exhihit tli(>ir be^inninps in the Protozoa 
but fintl th<'ir greatest development in t he cells of the mctazoan individual 
and the individuals of the metazoan (•(•Ionics. Colony formation occurs 
chiefly among the less highly organized groups of animals aud it is most 
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frequent among attach(Hi forms. The formation of colonies may be of 
advantage to the species in that it permits members of the species to 
occupy as sohd masses positions which are favorable to their life proc- 
esses. This is true of the corals which by reason of their method of 
building solid skeletal structures as an activity of the whole colony are 
enabled to thrive in situations where singl^ polyps could not do well. 
Colony formation, especially when it involves polymorphism and division 




B 

Fio. 70. — The colonial ascidian Pyroaoma. A, external view of the entire colony, 
dfaMprammatic. «a. oolonial »p«Htire; m. mouth of indi>idual; tp, te^t proccw. (From 
Metcalf and Hoph'n.", after Ritfir.) B. lonuif tirlinnl si-rtion of a oniony: alr.ap, atrial 
aperture: or. ap, oral aperture of individual; ph, pharynx; proc, process of teat; utol, stolon 
from whidi buds uIm; fenl, tontaelas. (Afier Hwdmann in CMUtngtr lUpertg.) 

labor, may have made for greater efficiency in the performance d 
certain functions, but it phould not be considered that efficiency is a goal 
toward which species have striven. Colony formation seems rather to 
have been more or less of an accident made possible because of the pres- 
ence of an asexual reproductive method. It seems not improbable that 
its origin was due in some groups to a failiue of tiie mechanism by which 
budding or fission is normally completed. 
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CHAPTER VI 
MORPHOLOGY OF HIGHER TYPES 

The preceding chapter was devoted to the aggregation of cells into 
colonies, the organization of cells of the metazoan body into various 
tissues, the general aspects of oigans and systems, and the aggregation 
of metazoan individuals into organic coloiiiei^. Only a generalised ac- 
count of grades of organization, leading to the conception of a scale of 
complexity which is perhaps of evolutionan,' sipTiifieance, was there 
attempted. When details of stnicture e?perially in the higher animals 
are examined then* is found, of course, great diversity. However, this 
diversity of form and structure may hf reduced to a relatively small 
number of general plauri which are discussed in thia chapter. The 
exist ( nee of a community of plan is of importance from the standpoints 
of furii t ion, veltjpment, classification, and evoluuoa. 

Sym.metry.^ — ^Despit^ the great diversity of form existing among ani- 
mals it is a striking fact that the memberis of most species exhibit some 
degree of symmetry. The term symmetry is used in its geometrical 
sense, according to which a figure which possesses symmetry may be 
divided by a line or plane in such a way that one half is a mirrored image 
of the other. If in such a figure any point be chosen on one side of the 
line or plane of division a corresponding equidistant point may be found 
on the opposite side. Animals which can be thus divided by a plane 
into two mirrored halves are said to possess symmetry while all others 
are avymmetrical (not symmetrical). The symmetry of animals is of 
three well marked types, bilateral, radial, and unwertal. 

Bilateral Symmetry. — Most animals of conunon acquaintance as the 
dog, horse, fish, crayfish, clam and earthworm possess a symmetry such 
that there can be only one plane which divides the animal into mirrored 
halves. Anterior (front) and posterior (rear) ends are different, and the 
dorsal (upper) and ventral (lower) surfaces are different, so that only 
the two sides are alike. In such animals the plane of symmetry must be 
passed through the antero-posterior a.xis of tlie body and through points 
on the raid-dorsal and mid-ventral lines. In this manner left is (hvided 
from righi. Animals of this type with only two like sides exhi I )it bilat- 
eral symmetry, that is, two-sided symmetry. Tiiis is a very common 
type of symmetry, especially in tlie higher animals. 

Radial Symmetry. — Among certain groujjs of lower animals in wiiich 
differentiation has not i)rogre.sscd as fur as in the ones cited above, the 
form of the animal is almost a true cylinder or a modified cone. Kx- 
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amples of nearly pylindrical animals are to In* foiiiul among tho Cirlcnte- 
rata, such as Hydra, jellyfishes, soa-anemoncs and most hytlrozoan and 
coral polyps. A few of these arc illustrated in Fig. 71. In all these 
animals, whether sessile or motile, t he ends differ from ea(^h other. Hence 
a plane which divides the body into two mirrored halves must pass 
through the long axis of the body; but since the body is circular in cross- 
section and not differentiated into dorsal and ventral sides almost any 
plane which passes through the long axis of the body will cut it into mir- 
rored halves. This type of symmetry is called radial. Ideally if 
an animal is to exhibit radial symmetry it must be possible to pass an 
infinite number of planes through the long axis, such that each plane 
cuts the body into mirrored halves. Actual examples of such perfect 
radial symmetry are unknown and in practice an animal is regarded as 
radially symmetrical if two or more planes of symmetry are present. 
Thus in jellyfishes, because of the radial canals and some other structures, 




Fio. 71. — Various ccelenterat«s. showinR their radial symmetry. A, sea anemone; 
B, group of roral polyp."*; (', tho medusa, Milroanna rirrnta. \ (>ii»ral view. D, polyp of the 
hydroid, Perioommu* $erpen9. (A and B afitr Jordan, Keliogg and Heath; C after Mi^fer; 
D afitr AUhum.} 

there are only four planes of symmetry, and in Hydra (leaving out of 
account certain inconstant features) there are as many planes of sym- 
metry as there are tentacles, yet these animals are reguded as radial. 
The starfish is sometimes used to illustrate external radial symmetry, 
the number of dividing planes being five if five arms are present. How- 
ever, the starfish falls short of radial symmetry in that one ol its organs, 
the madreporite, is not placed in the center but to one side. 

Universal Symmetry. — few animals possess . an approximate 
unweraal symmetry, but none show it perfectly. To exhibit universal 
symmetry it must be possible to pass planes through the body in any 
direction. Such planes must necessarily pass through a central point 
and the only geometrical solid which may be so cut is a sphere. Very 
few animals or aggregations of cells or individuals are truly spherical 
and most of those which are spherical exhibit polarity, that is, opposite 
sides are in some way differentiated, which makes their symmetry radial 
nn<l not universal. \'()lvox coiiu's as near universal symmetry as any 
animal which can be named, yet some species of Volvox exhibit a certain 
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degree of polaritx in that the genn ceils tend to develop at one pole or 

on ono side of tlie sphere. 

Asymmetry. — Animals whose bodies cannot hv cut by a plane into 
two mirrored halw-s arc asinntiu'trical. Ex;uiif)l('s of asynimetrici! 
Protozoa are Paniincciuin, Amabu (in most stales of motion), and 
Stylonychia. Tli(> snail with its coiled shell is asymmet rical but tlie body 
i? built on a bilaterally symmetrical plan which has been subsequently 
moditied by twist iiiji;. 

Many aiumals which are externally symmetrical may have their 
internal structure« unanged on an asymmetrical plan or on a j)hin of 
symmetry different from the external plan. Cases in jxjint are found in 
the heart, stomach, and in fact the major portion of the alimentary 
tract and the lobes of the liver in man, which are arranged asymmetricafly . 

Symmetry and Locomotioii. — An examination of a large number of 
animals in regard to their symmetry and a consideration of the mode of 
life employed by each animal, whether sessile, or capaUe of slow move- 
ment or odf rapid movement, reveals a certain relationship between ihe 
type of symmetry and the character of locomotion. It is found that 
most animals which move rapidly or are capable of well codrdinated 
direct movement exhibit bilateral symmetry. Examples in support 
of this statement are such mammals as the dog and horse, the fishes, 
amphibians, reptiles, the arthropods, most moilusks and most worms. 
A large proportion of animals of very slow movement, and especially 
those which are sessile, show radial symmetry. Examples arc the coelcn- 
terates, sponprs. and some echinoderms.' rniversally symmetrical 
animals are acjiiatie, and pnjtrress by a rolling motion. 

Asyniinctrical animals wluch have retained their powers of locomo- 
tion are relatively rare except among the Protozoa. In many si>ecie8 
whoso individuals are apparently asymmetrical the asymmetry is due to 
inotlidcatioa of a fundamental plan of bilateral symmetry. The flat- 
fishes, such as the halibut, flounder and sole, which have two eyes plat i vl 
on one side of the head, arc in their curly stages bilaterally symmetrical, 
but one eye migrates through the head to its new position. Asymmetry 
in adult parasitic crustao«a is fairly common and is the result of de- 
generacy. Those species of Crustacea, including some parasitic species 
as well as free-living ones, which retain their powers of locomotion 
are bilaterally symmetrieal. The individuals of many parasitic species 
which are asymmetrical in either the adult or larval periods are always 
bilaterally symmetrical in their free-swimming stages. 

* Frequent mention must be made, in this chaincr. of the groups of animals. It 
is not important that the student be able to recognize these groups at the present 
time, but reference should be made to tbc uuptie table in Chapter Xtl to determine 
wbetber the groupe stand low or bigb in the animal wale. Common names of mtm« 
beiB of the group may usually bo found in the glossary. 
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MetaiiMiiflim — Animals exhibiting metameriBm are composed of a 
linear series of body segments fundamentally alike in structure. These 
units are called segmerUgf wmiteff, or metameres and animals so constructed 
are said to he segmented or metameric. In simple metameric animals the 
somites closely resemble one another in sizo, form and in the arrangement 
of oi^ans. In no animal, however, are all somites entirely alike hecause 
some of them have become specialized and perform special duties. The 
common earthworm (Figs. 83 and 142) is a metameric animal. 

It is composed of a series of rinp:-like somites outwardly much ahke. 
The limits of the somites arc marked on tho outside by prooves and on the 
interior by tiie sept-i (Cross partitions), which he immediately under the 
grooves. The segmental arrangement extends to both external and 
internal structures and involves organs of locomotion and excretion, 
muscles, blood veRsels, and nerx'ous system. The sexual organs also have 
a segmental arrangement although they are limited to a few somites. 
Certain other organs are rejHuited in only a few segnunits, but in general 
the earthworm's structure is that of a metameric ammul. 

In complex animals the metameric arrangement has often become 
obscured through fusion of somites, loss of organs and centralisation. 
However, the primitive arrangement is readily seen in the embryos of 
such animals. Thus the embryos of the vertebrates generally reveal a 
well marked metamerism in certain organs (the muscles, for example), 
in which this arrangement is later partly or completely lost. Not all 
metamerism has been lost even in the adults of vertebrates, however, for 
in the mammals, for example, metamerism may be seen in the vertebra, 
ribs, spinal nerves and ganglia and branches of the dorsal aorta (artery). 

Metamerism is interpreted by some i)iologists as indicat ing an earlier 
colony formation, the somites repr^enting the individuals of the colony. 
It is not improbable, however, that rhythmical processes occurring 
during development are responsible for the division of the body into 
similar parts, and that the ancestors of metameric animals were never 

COloTii'd. 

Internal Organization.— The organization of cells into tissues, tissues 
into organs and organs into systems has been described in the preceding 
ciiupter and repetition of this account is avoided as far as posisible here. 
It is important, however, in r( lation to probleiati discussed later, to de- 
Fci ibo in more detail tissues, glund-formation, and the general morphology 
of the systems of organs as they exist in the more complex animals. 

Tissues may be classified with reference to their general function into 
four t3'pes, epithelial, sustentative, mntradilef and nervous. All animal 
tissues may be referred to one or another of these general types which are 
discussed briefly bdow with reference to their structure and functions. 

Occurrence and Function d Epithelium. — ^Ihis kind of tissue covers 
all outer and inner 'surfaces of the body. It is composed of simple cells 
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united by an intercellular cement to form a continuous siirfar p. Good 
exaini)U's of epithelial tissues in the earthworm are the li\ [>o(icrmi8 and 
intestinal epithelium, the peritoneum and chlorogogen t'olls lining the 
ccelom, and the cells of the nephridia. In vertebrate animals the out4»r 
layer of skin, the inner linings of the entire digestive system including the 
secretory portions of the digestive glands (liver, pancreas, etc.)i the 
peritoneum which lines the coDlom, the lining of all blood vessels and 
lymph channels of the body, the tubules of the kidney and the lining of 
the ureters and urinary bladder, the tubules of the gonads (reproductive 
bodies) or so-called germinal epithelium, and the linings of the passages 
of the reproductive system are made of epithelium. From this formida- 
ble list of organs, which is far from complete, the importance of epithelium 
may be judged. 

Its functions in different situations are to protect exposed surfaces 
from abrasion and from noxious substances, and to curry on the processes 
of secretion, excretion and absorption. Epithelial cells may also in 
simple animals and in some parts of highly differentiated animals receive 

stimuli and transmit impulses. 

Types of Epithelium. — Epithelial tissues are classified with reference 
to the form and arranficmeiit of their constituent ceils, or accorclinfz; to 
certain structures whieh the colls may possess. Thus epithelial cells are 
called C(t(uinfiar if the height of the cells (thickness of the layer) is greater 
than their width (Fig. 72, A); cubical if these dnnensions are nearly equal 
(B); or squanuiua (C and D) if the cells are very broad and tlat and 
arranged like tiles in a floor. If the columnar epithchal cells possess 
cilia, ur fiagella, or protoplasmic collars and Hagella they are dt-.-^ignated, 
respectively, ciliated coliumiar (£"), flagellated columnar {F) or collared 
epith^um ((?). 

The cells of the hypodermis of the earthworm and of the ectoderm of 
Hydra may be cubical or columnar depending upon the state of contrac- 
tion of the animal. The cells of the tubules of the kidney of vertebrates 
are columnar or in some instances cubical. Examples of ciliated epi- 
thelium are found in the intestinal lining of the earthworm, the surface 
layer of the gills of mussels, the lining of the mouth and esophagus of 
amphibians (frogs, toads, and salamanders), the lining of the trachea 
and tjponchi of air-breathing vertebrates and the linings of certain ducts 
and passages of the genital system. Collared epithelium is found lining 
the radial canals of sponges (Fig. 32), while the endoderm of Hydra and 
other coolenterates is composed of flagellated epithelium* 

When the cells of columnar epithelium divide it is usually in a plane 
parallel to their lonp axis, that is, perpendirular to the surface which they 
co\'er. Tn some situations, however, as in the outtn' skin of vertebrates, 
the mucous hnings of mouth, rectum and certain otlier organs, the colum- 
nar epithelial cells usually divide in a plane perpendicular to their long 
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axis. The oells adhere after division and in ibis manner several layers 
of cells (Fig. 72» H) are built up and the epithelium is spoken of as 
9traiified, The outer layers of cc^ in such epithelia become flattened 
until the outermost layer is composed of very thin flat cells which 
have the shape of polygonal tiles (Fig. 72, D) acpiiratoly fitted together. 
Stratified epithelium forms the lining of the mouth and rectum of mam- 
mals and some other vertebrates. The outer skin of adult vertebrates 
is also made up of stratified epithelium. In the frop; and other am- 
phibians and certain reptiles, as snakes, the hardened outermost layer 
of skin istrdhim corncutn) is shed as an extensive layer. In most terres- 
trial vertebrates these outer ceils are shed in minute Hakes. 



» 
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Fiii. 7'2.—Xypcn of opithoHuni. 1. culiunnfir: R, nihiral; C and A), B^iuntnous (side 
nitd surfaoo views, respectively); E, ciliuted; F, flagcllaled; G, collared; H, strtttifiod; vac, 
vftouole. 

Glands.-— Many epithelial surfaces are smooth or plain with all the 
cells lying in a single layer. In such a tissue scattered cells may l)e differ- 
entiat-cd from the others for the production of a .secretion. The sulxstanco 
produced may be niuein., from which mucus is derived, some digestive 
secretion, or any one of many other i)roducts. Such a layer of epithelium 
is shown in Fig. 73, A, and e.vamples of it are found in the hypodermis 
of the earthworm or the intestinal epithehum of tiie frog. This is the 
simplest form which secreting surfac(\s take. In slightly modified secre- 
tory epith(>lia the bodies of sonie large secretory cells may drop below 
the general level, as in Fig. 73, H. Kxanii)les of such enlarged and 
displaced secreting cells may be found in the epithelia covering the ton- 
gue of the frog and the foot and mantle of freshwater mussels. In other 
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instances the secreting cells may he grouped instead of isolated, in which 
case they form what may be called a surface gland, as in C. A greater 
secreting surface is secured when a group of secretory cells <lrops below 
the general surface as in D. This constitutes a simple gland, that is, 
one which consists of a single depression and is not branched. It is pro- 
duced by a prooess of imoifinatum or infolding and may be UMUxr 
(Fig. 73, F) or dbeoUiT {D and E) depending on whether the channels are 
of uniform bore or are inflated. If the invagination is carried far below 
the general surface, a netk (E) may be produced through which the 




Fio. 73. — Types of aeoroting surfaMS Mid slaads. Ataeattered glaad ceUa (two goblet 
oMa oontaining seeretion in the darkly stippled gchleU) ; B, gland cell enlarged and dropped 

below (feHcral level; C, urnup of seorofiriL' rolls dropped sli^shtly l»el(>w the Konerul lovi»I; 
D, a simple multicellular gland; E, alveolar gland with nock; F, tubular gland; O, com- 
pound alveolar gland; H, oompoond tubular gland; I, Itimen; m, mouth; n, naok; t, adni 
SecraAing portioiw of the glanda an stippled. 

secretions are conducted to the surface. The neck is usually composed 
of noii-scM-reting cells. Glands of this sort are common in the skin of 

amphibians. 

From a .simple gland, as shown in Fig. 73, EorF, a, compound gland 
may be formed, as in G or H, by secondary invaginations from the 
original invagination. Compound glantls are common in the wall of 
the esophagus of mammals and certain amphibians. In the proventricu- 
lus (first division of stomach) of the chicken or pigeon are large com- 
pound glands. 
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It is not uncommon tliat glands produce two or more secretions. If 
so, there arc usually as many kinds of cells as there are secretions produced. 
When stained the different types of cells can usually be distinjyuished by 
their form and appearance. Glands producing two secretions are to 
be found in the cardiac end of the frog's stomach, and the pancreas pro- 
duoee three secretions. 

Glands may be of microeoopic die or they may be large. Examples 
of large glands are the sj^n, pancreas, kidneys and liver, the last of 
which is the largest gland of the body in vertebrates. The large sise 
of these organs is not due, however, entirely to the amount of secreting 
tissue present, for most huge glands as the liver and kidneys are com- 
posed of several kinds of tissue in addition to the epithelium. The addi- 
tional portions include connective tissue, blood vessels and nerves. These 
tissues have only an accessory function, for in each case the secreting 
tissue is epithelium. 

In view of the morphology of secreting organs, as described above, 
a gland may be defined as a structure which is derived from an epithelial 
surface and whose function is the production of a secretion or an excretion. 



Sustentative Tissues. — The sustentative tissues are all those which 
give support to the Iwdy and its parts, or connect and bind together cell 
layers, organs, and systems. They may take the form of rigid supporting 
tissues such as cartilage or bone; dense connective tissue such as tendons 
or ligaments; spongy, fibrous, or elastic connective tissues; or adipose 
tissue for storage of fat. In lower animals simpler typee of rigid support- 
ing tissues may be noted but they <ure omitted from this account. The 
sustentative tissues find their highest development among the vertebrates. 

Contractile Times, — Under the term contractile tissues are included 
all tissues which by their contraction serve to produce motion of an 
organ or part, or locomotion of the animal as a whole. Among lower 
animals many individual cells, as the poroeyiea which control the size 
of the pores through which water enters a sponge, have the power of 
contraction. Such scattered cells do not form tissues. 

Muscle. — In many invertebrates and in all vrrfebrates contractile 
cells are aggregated into sheets, layers or groups called muscks. Two 
general struc^tural types of muscles may be recognized, namely, smooih 
and striated. Smooth muscle cells. Fig. 74, are somewhat spindle shape d 
with undivided or with branching ends, and possess one nucleus to 




Fto. 74. — Smooth muade oellfl. 
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each cell. Such muscles arc capable of only relatively slow oontrao- 
tioDS, such as the movesient of some of the visceral organsi for example 





Pio. 76. 



Pio. 76. 



Fio. 75. — A sarcostyle, diafcrammatirally rppro^ontod. db, dark band; Of, light bud 
with a thin band of dark material dividing it into two portiona. 

Fio. 76. — Goncrnl uppcaranre of striated muscle. A, part of a musrlo filxr of a fron; 
B, part of a fiber teamed out to show fibrillB: db, dark banda; lb, li((ht haiuiis; /, fihrilla; 
n. nueleua: «, sarcolemma. (From Parker and Hatw^a Textbook of Zoology, a/ter Huxley.) 

the walls of the intestinal tract whose rhythmical contraction, or pen- 
ttaUUf is due to smooth muscle. Striated mus- 
cles are composed largely of longitudinal fi- 
brillse or mrcostylen (Fig. 75) which are marked 
by alternate light and dark bands giving the 
muscle cell jus a whole a cros.s-.<tri;ited appear- 
ance (Fig. 76). The striated inu.scle cell is 
not a simple cell, Vjut a syncytium, that is, an 
undivided mass of proto{)lasni containing many 
nuclei, produced by failure of the cytophism to 
divide after nu(^lear division. The structure 
of striated muscle in cross-section is .shown in 
Fig. 77. Examples of muscle of this type are 
found in wing and leg muscles of insects and t,.^^! 

, , - - . _ , The iibnllffi are arranged in 

in limD or trunk muscles of vertebrates. Stna- bundie« which are separated 
ted muscle, unlike smooth muscle, is capable fromeachotherbyB tr pias.n. 

. ' et, oonneotive tiaaue; mn, nu- 

01 very rapid COntracoon. clmia of muMde; net. nudeus 

Muscle tissue is classified on a physio- 
logical basis as vohmiary or inoohmtary. Vol- 
untary muscle is directly under the control of the will while involuntary 




Fio. 77. — Croiis aeotion of 
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is not so controlled. In general, smooth muscle tissue is involuntary 
and striated muscle is voluntarj', but this distinction fails in part, for 
the heart muscle of vertebrates is striated but not voluntary'. 

Nervous Tissues. — Nervous tissues are those wliic-h have as their 
chief function the reception of stiniuH and transmission of impulses. These 
tissues inc lude the jx'rceptory cells of tiic iiu<iitory, risual, olfactory and 
guaUUury organs and the cells by which the sensations of heat, cold, pres- 
sure and so on are perceived. They also include the nerves^ ganglionic 
maatett and eeninU nervous system which includes brain and spinal cord 
in the vertebrates and analogous organs in the invertebrates. As men- 
tioned in the discussion of epithelial tissues, some epithelial cells receive 
stimuli and transmit impulses, and may therefore also be classed with the 
nervous tissues. The receptive cellsof audition, vision, smelland taste are 
of this epithelial character. Examples of nerve cells are illustrated in 
Fig. 78. 




Fic. 7H, —Three kinds of iicrvi- cflls. A. truu\ vciitrul liorn of spinal cord of an ox; 
B, from corlex uf cerebrum of a cut; C, Purkinjc fell from ceroliellumof acat: d, dendrite; 
iM«, ama: nu, nuoletia; mie, aueleoluB. (B and C/ram Ooloi prepttraHont. Original,) 

ORGANOLOGY 

Organology comprises the study of the organs of the body and their 
arrangement into systems. Under this head t lie <<;reat systems of organt> 

of the bodies of higher invertebrates and vertebrates are considered in 
this chapter with special reference to certain chosen types. The digest- 
ive, respiratory, circulatory, excretory, sexual, locomotor, and nervous 
systems are discussed seriatim, and while structural aspects are especially 
considered it is not possible to ignore function. It should he borne in 
mind throughout the discussion that the various systems are intimately 
related and that no system can be properly discussed with respect cither 
to its structure or to its function without involving one or more of the 
other systems. An understanding of the relations of these systems to 
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one another lequirai a knowledge of oeiiain fundamental cavities of the 
body, the eeeknieron of simple unimals and the ealom of more complex 
ones. To these cavities attention is first turned. 

CcBtonleroiL — In the Ccelenterata (Hjrdra and its allies) there is 
found within the body a single cavity (Fig. 60) which functions as a 
digestive and vascular cavity and is therefore sometimes called a ga^ro- 
vasuihr cavity, but the name caienteron is more expressive of its struc- 
tural rolations. 

Ccelom. — In many higher invertebrates and in the vertebrates there 
is a second body cavity bounded by peritoneum lying between the gut 
and the body wall. This second cavity, the cceloni, is well shown in a 
diagraininatic cross-section of a developing Amphioxus C-^^ig. 79). In 
the earthworm and in most other Annel- 
ida the arrangement of the body is 
clearly that of a tube within a tube. The 
wall of the outermost tube is the body 
wall while tiie alimentary tract forms the 
inner tube which is supported by circular 
partitions, the septet. The cavity (coelom) 
between the walls -of the two tubes is 
lined with the peritoneum, a layer of 
flattened epithelium. In the vertebrates 
the inner tube is suspended from the 
inner surface of the outer , tube by means 
of dorsal mesenteries which are merely 
continuations of the peritoneum from the 
mid-dorsal line. The relation of coelom 
to intestine is illustrated in Fig. 80. 

. 1- 1- .t 1 »^*<t myotome; nd, notoohord; nt, 

that figure the hne hmitmg the coelom mbe. aomaUc Uyer of 

represents the peritoneum. Fig. 80 also m<»odwm; •pt, Bplanclinic jayer of 
clearly illustrates the fact that while the 5?act; «», vOTtoU m«»lntBiy.****^*^* 

organs of the body really lie outside of 

the coelom they are pushed down into it and are suspended by perito- 
neum. A true ccelom always bears the gonads on its walls and is lined 
with peritoneum. From the latter feature this cavity is frequently called 
the peritoneal cavity. 

In the roundworms, of which Ascaris may b(> taken as an example, 
a cavity exists between the alimentary tract and the body wall but since 
it is not bounded by peritoneum this cavity is not considered to be a true 
ccelom. 

Simplest Digestive Apparatus. — Since in the Protofoa and sponges 
digestiim is intracellular no digestive system or digestive organ can be 
said to exist. The most primitive multicellular digestive organ occurs 
in the simple ccelenterates. The gastrovaaoular cavity of Hydra may 




Fm. 79. — CroB^aaotion of an em- 

!)r\'o of Aniphioxus. showing forma- 
tiou of ccelom. c, coelom; dg, digM- 
tiv* traet; dm, dermatome; ee, eet*^ 

In derm: en, cndoderin; me, myocople; 
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be taken as an example. In thia animal (Fig. 60) the digeetive organ 
conaistB of a simple bag whoae wall is oompoaed of flagellated epithelial 
oella. Branches of the bag extend out into the tentacles and into the 
buds if the latter are present. A single opening, the mouthy leads into 
this cavity. The o«elenterates in general have a digestive organ of this 
type and few modifications are shown. In none of them is there a second 
opening, the aniM, through which indigestible materials may be voided to 
the exterior. The digestive apparatus of the ccelenterates thus consists 
of a single organ, and can hardly be called a system. 

Digestive Systems in the Invertebrates. — Among the flatworms 
(Piatyhelminthes) a true digestive sjrstem may be found. In the rhab- 




Fio. 80. — Diagran. of crom section of a Tertebrate animal to show eiBioni. r, coelom; 
en, ondoflcriu of intestine; or, K<'rrn ct'll.s: {ir, niTininul epit helium which later rovers tho 
gonada aud from which the germ cells issue; i, cavity of intestioe: m, myotome, or muscle 
MgoMtii; ma, iMMCitaiy; ne* nautal oiwt. irom which nerves moA gan^ia develop; mf. 
notoohordt forartmaer of tho bftckbono; «. apinal «ord. 

dorrcle turbcUarians (Fig. 81) it consists of a mouth, a short pharynx, 
and a sac-like inteMine. In the triclad turbellarians tho intestine (Fig. 
82) is br-inciied into three main parts of whicii one extends lorward and 
two backward to the extremities of the body. These main hram lies 
have secondary branches which extend laterally toward the jjcriphery. 
In the roundwonn.s (Ncmatheliuinthes) the digestive system consifit^ of 
a straight tube which extends throu^jh tin- length of the bo<ly from the 
mouth to a posterior opening, the anus, through which undigested ma- 
terial is voided. In some species tooth-like structures may be developed 
in the mouth cavity and muscular swellings may be present in the walls of 
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the esophagus, but there is no differentiation into stomaoh and intestine. 
However, in one feature, the presenoe of two openinigi, there is an advance 
over all the digestive systems previously described. 

The digestive system of the Annelida, of which the earthworm may be 
taken as an example, shows considerable differentiation into organs. It 
consists (Fig. 83) of a mouthy opening into a Imecal caifiiy, a pharynx with 
strong muscular walls, an eaophagui, a cr&p in which food may be stored, 
a gizzard with thick muscular walls and a chitfnous lining by means of 
which food may be triturated, an intestine with secreting and absorptive 
cells, and an anus. An internal ridge, the typhlosole, formed by an in- 
folding of the wall of the intestine gives increased surface. About the 
exterior surface of the intestine is a layer of 
brown cells, the chloragogen cells, which have 
l)cen thought to serve as a digestive gland, 
possibly as a hvcr. 

Digestive Systems in the Vertebrates. — In 
the vertebrates the digestive system reaches 
its highest development. Here it consists 
not only of an alimentary canal, subdivided 
into regions, but also of highly developed 
glandri v\hieh produce digestive secretions. 
The brief description below is based on the 
digestive system of the frog which is illus- 
trated in Fig. 84. 

The mouth, although it functions also in 
the respiratory processes, is to be regarded as 
part of the digestive intern. The form of 
the mouth and mouth cavity is determined 
largely by the skeletal features of the head. Fio . g i .-DiKt^.tivo and 

w-w*^ ,.1... . nervous systems of a rhabdo- 

The upper jaw bears teeui which serve to cceie turbeiiarian. q, auc- 
hold the prey when caught. Attached to the '^"^f' JnteaUne; n. 

. . _:. * n • • ne»^e; ph, pharynx. {AJlcr 

antenor portion of the floor of the mouth is Lana.) 
a prehensile tongue which is provided with 

many glands that produce a sticky secretion. The buccal or mouth 
cavUy leads backward into the short broad esophagus through a disten- 
sible opening the pharynx. The esophagus leads into the muscular 

stomach which in the frog as in most vertebrates is a curved organ 
usually lying somewhat to one side of th(> body oavity. The walls of 
both the esophagus and stomach are provided with highly developed 
gUuuis which secrete digestive sohitions. The stomaeii opens into the 
much coiltul small inteatine through a muscular valve, the pylorus. 
The small intestine of vertebrates is usually subdivided into three 
portions named, respectively, the duodenum, jejunum, and ileum. Of 
these the duodenum and ileum alone are recoguii^ed in the frog. 
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These regions as a rule merge imperceptibly into each other, yet each 

shows cortain characteristic structural features and each occupies a 
cortain portion of the intestine. The duodonuni rocoives the secretions 
of two lar^o dlKostivo glands, the liver and the pancreas. In the fro^ 
tiie secretions of these two glands are discharged through the common 




FlO. 82. — Digestive and nrrvous systems of a triclarl tiirhollarian. g, gan^ionio inMa;«*tlf, 

iatestino; n, nsrvo; ph, ph«r>'ux. (After Lang.) 

bile dud into the middle region of the duodenum. A reservoir, the gaU 
bladder f attached to the liver and connected with the bile-duct, serves as 
a storage place for the 6t2e, one of the secretions of the liver. The small 
intestine is connected at its posterior end with the large intestine which in 
the frog is subdivided into two portions, namely, the rectum and the 
doaca. The term cloaca is used to designate that portion of the large 
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intestine which is used as a common passage for undigested materials 
from the aHmentary tract, for urine, and for r('i)r()(iu('tive cells from the 
urinogenital syv^tem. It occurs in a few nianunals and in most other 
vert(>l)rates. The large intestine opens to the exterior by means of the 
arius. 

Conditions Necessitating Respiratory System. — Special organs for 
respiration apparently arose much later than organs of digestion since 
they do not occur in the ccelenterates, rotifers, flatworms or roundworms, 
whOe digestive organs are present in these groups. Most Annelida 




Fio. 84. — Diwection of the frog, side view. a. anuii; au, auricle of heart; cbd, common 
bile duct: eer, cerebrum; d, cloaca; erh, eerebellum; du, duodenum; fb, fat bodies: (/&/, 
gall bladder; k, kidney: la, larynx; li, liver: (. int. large intestine; l.opt, optic lobe; /u, lung; 
m, mouth: med. medulla oblongata; inn. niUHcIo; n. na-sul aperture; pa, pancreas; py. pylorus; 
«, spleeo; «in. int, small intestiiia; spe, spinal oord; H, stomach; t, tongue; U, testis; «b« 
ttrinnry libdd«r; «r. ureter; «, imitiid*ol lieAii; «i, vnsa effMWitin; ts, wsieubtmiiinlis. 
(MadijMJ^Parhtrmid HotwdT* TetAook t/ Mhay, aiUr MvnMBU) 

(true worms) have no special respiratory system, nor do they require 
one since the moist nmcous surfaces of their bodies serve the purpose of a 
membrane tluough which gaseous exciiange may take place. In general 
it may be said that a respiratory system hjis develoix'd pari passu with 
the development of a circulatory system. In many small animals living 
in wat<?r or in moist environiiu'nts, respiration may be carried on through 
the general body surface, and in such animals the diffusion and osmosis 
of oxygen and digested food through the tissues is sufficient to care for 
the needs of the cells farthest from the sources of these substances. With 
increased mass of body, however, and with the decrease of surface in 
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proportion to mass, ordinary proceooco of diffusion and osmosis are not 
sufficient to meet the needs the more distant ceUs. The difficulties 
arising out of the disproportion of mass to surface have been obviated by 
the development of a circulatory system, by which a fluid is taken round 
and round in a course leading past the digestive organs and in contact 
with moist membranes through which gaseous exchange may take place. 
In the presence of respiratory and circulatory systems the mass of the 
organism may be greatly increased. In 
fact, but for the development of these two 
systems the size of animals would of 
necessity have remjiinod small and the 
efficiency of the organism limited. 

Types of Respiratory System. — Respi- 
ratory organs are of three general types, 
namely, trachece, gills, nnd lungs. 

TRACHEiE. In most insects at certain 
points on the \x)dy arc opt^nings called 
spiracles to which arc connected tubes, 
the trachew, which by their branches con- 
duct air to all parts of the body. This 
type of respiratory system, which is illus- 
trated in Fig. 85, is not dependent upon 
the circulation of an oxygen-bearing liquid 
to carry on the process of respiration, since 
every tissueis directly supplied with minute 
air passages through whose membranes 
gaseous exchange may take place. 

Gills. Gills are probably an earlier 
and more fundamental type of respuratory 
mechanism than tracheiB since they occur 

in more primitive animals. Gills areto . 

be oonsidered as.nlamentousevaginafions Uisiert. a, anicnnu; b. brain: Iok: 

of an external mucous surface, or in fishes "®f^® P' palpu»; «. spiracle; 
. ^. , , , , r I 1 «(, tpii«eularbraneh:t, ehief traenesl 

of the endodermal layer of the pharynx, trunk; r, ventral hranrh; r.s, vi.Hroral 

Each filament is supplied with blood branch. (From f'oW - ii'ri/t^mo/ow, 
It-,/. 1* I • 1 vwr Jvolos.) 

vessels which form a part of the circula- 
tory system. Through the thin moist meml)ranous walls of the gills 
gaseous exchange readily takes place. Gills occur only in aquatic animals 
or in terrestrial animals which have a method of keeping the gills moist. 
Examples of animals making use of gills are many polychiete worms, 
many mollusks, the Crustacea, ail fishes, and most amphibians in the 
larval state. 

In vertebrate the gills are attached to cartilaginous or bony arches 
located in the region of the pharynx. There are slits between the gill 
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archos through which water taken in at the mouth flows out over the 
gills. These arches and sl'ts, in the embryo, arc ciiagraniraatically shown 
in Fig. 182, In fishes and some amphibians a covfring. the operculum, 
conceals and protects the gills, but in other amphibians, as Nocturus 

and some other salanuuiders, 
the gills are external and are not 
covered. A diagram showing 
the atructure of external gills is 
shown in Fig. 86. 

Lungs. Lungs are organs 
developed in the embryo of 
vertebrates as evaginations from 
the anterior end of the alimentary 
tract as described in Chapter X. 
By means of accessory organs of 
respiration air is brought into 
the lungs where it comes into 
conta(?t with mucous membranes 
richly supplied witli blood vc.-^scls. Here exchange of gases takes place. 
In case of cither lungs or gills the succrssftil operation of the respiratory 
mechanism is absohitely (IffK-nripiit upon t!i(« ('(Hitinual rhnnginn of the 
blood in contact with the moist mucous surfaces. A halt in the flow of 




Fto. 86. — External Kills fif fhr amphibian. 
Bpicrium glutinotum, {From WietUrnheim, ajtcr 




Fio. 87. — Diagrams of tyix's of IvitiRs. a, amphibian lung with plain surface; h, 
amphibian luDtf with low fold» making simple alveoli; c, amphibian lung witL higher 
fold» whioh MW tbenuwlves folded tnakine more nutnerous alveoli; d. trachea and bronchial 
tree of a mammal. 

l)h>o(l stops respiration ve ry i)roniptly, and unless the flow of blood can 
be quickly n'sunuHl death result s. 

The lung in lower anii)hil)i,iris is n bag-Ukc organ with a large central 
cavity (Fig. S7); liut in higher uniphiiiians it becomes mure complex 
since its inner surface is thrown up into corrugations which with cross 
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comigatkms form box-Iikc spaces. These corrugations increase the 
respiratory surface. In higher vertebrates the lung is entirely subdivided 
into minute air spaces which are in direct connection with one another 
through large branching tubes, the bronchi. In this way there is an 
oionnous increase of the inner surface of the lung. The bronchi unite 
in a single large tube, the trachea, which is present in the higher vertebrates, 
but absent in some of the lower forms, as the frog. The trachea opens 
into the iiimith thmiii^li a slit-Uke glottis. 

Accessory Respiratory Organs. — Since in all vertebrates the mouth 
serves as a chamber for p.issaj^e of water or air to jjills or lunps, respec- 
tively, it may bo consitlered a portion of the respiratory apparatus. 
For the same reason tlie olfactory passages of forms possessing lungs 
should also be included as a part of the respiratory apparatus. Located 
in the tracliea or between the lungs and glottis is an organ of sound-pro- 
duction, the larynx. This is a box-like structure in which are stretched 
two membranes, the vocal cords. 

Relation to Circulation. — Since the essential part of the respiratory 
apparatus of animals with gills or lungs is the system of blood vessels 
with which it is richly supplied, and since the exchange of gases takes 
place directly through the walls of the blood vessels, the respiratory 
system is really subsidiary to the circulatory system. 

Chrcnlatoiy ^stem. — The circulatory system is not present below the 
annelid and nemertean worms and moUusks. In the flatworms, for ex- 
ample, there are irregular spaces in the parenchyma, the tissue of the in- 
t(Tior, hllcd with ali(iuid which sometimes contains granules andglobules. 
This fluid shifts back and forth with movements of the body, but there is 
no true circulation and no true circulatory system. The essential fea- 
ture of a circulatory syst<nn is a set of tubes which branch extensively 
so as to bring all parts of the body in contact with the circulating medium, 
blood or lymph. There is usually a contractile organ, the heart, or paired 
organs wliich by tlieir rhythmic contractions serve to maintain a How of 
the blood or lympli. The main (Hstril)uting vessels are called arteries, 
the main collectinfi vessels ■yetz/.s', and the minute tubes leading from arter- 
ies to veins capillaries. In its course through the Ixxly tlie })lood comes 
into intimate contact with th(^ walls of the digestive organs where it 
secures (Hsso1v(m1 food. It also comes in contact with the membranes of 
the gills or lungs where it takes up a supply of oxygen. The blood then 
carries this nutriment and oxygen out to all the tissues of the body and from 
them brings back to the lungs and the excretory organs carbon dioxide, 
urea, and other waste materials. In animals which have air tubes 
(trachesD) the blood is a carrier primarily of nutriment and waste 
materials. 

Chambefs ol tlie Heart and Coune ol Ciioilatioflu— The hearts of 
various vertebrates have two, three, or four chambers, and the course ol 
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the circulation is in part related to this feature of heart structure. A dia- 
gram of the circulatory system in the dogfish, an aniinal with a two- 
chambered heart, is shown in Fig. 88. This diagram indicates that the 
blood of animals with gilLs and a two-chaml>ercd heart pa^^ from the 
heart through the gills, and then out through the dorsal aorta to the organs 
of the body, where it peases through capillaries (not shown) and returns 




Fro. 88.— DiMmn of the eueiil»tory system in the AogSA, The eapUlariee and 
Biior artcriee mad veiiui aro omitted. (Modified from Pvker ond Hatwfft Textbook of 

Zoology.) 



to the heart by means of the veins. The blood thus passes over a single 
courae from the heart back to the heart again. 

In animals with lungs and a heart of more than two chambers the cir- 
culatory system is more oomplicated. The heart of amphibians and 
leptileSy e»oept orocodilians, hss three chambers in place of two as in tho 

heart of fishes (Fig. 88), and the heart of 
mammals, birds, and (Tocodilian^; has four 
chambers. The four-chambered heart is com- 
posed of two halves, right and left. £ach 
half is made up of two chambers, a thin 
walled auricle and a thick walled muscular 
ventricle. There is no passape between the 
two halvr;^ of the heart but Ihere Ls a broad 
pjiasape g;uar(ied by valves ronneetiiig each 
auricle with the ventricle of the same side. 
The relations of the parts of a f()ur-<"hambered 
heart may be untlersiood from Fig. 89, which 
also suggests the j)ath of the blood. 

The blood of such an animal, after having 
made a circuit through the systemic circulation 
(through the body) is rotiurned to the right 
auricle, whence upon contraction of the auricle it passes through a valve to 
the right ventricle. Upon contraction of the right ventricle the blood is 
sent through the pulmonary arteries to the lungs. Having completed 
the circulation of the lungs (pulmtmaryciradatian) the blood returns to the 
left auricle through the pulmonary veins and from this auricle passes 
through the opening to the left ventricle. Upon contraction of the left 




Fig. 89. — Diagrann of a four- 
chambered heart. LA, left 
auricle; RA, right auricle; LV, 
left ventricle; RV, right ventri- 
cle;/^!, vessel from lungs; L2, 
Vensol to lungs; SI, vessel to 
system ; 52, veaaet from system. 
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ventricle the blood is discharged into the dorsal aorta whence it passes 
out to the systemic circulation. Ujx)n its return it passes through the 
right side of the heart to the lungs, and so on axound its course. The 
circuhition is thus a double one. The puhnonary and systemic circula- 
tions are kept absolutely distinct because tlie right and left chambers of 
the heart are completely separated from one another. In animals with a 
three-chambered heart, as in the frog, this (Usiinctriess docs not prevail, 

for wliile th{Te are two auricles thrre 
is l)ut a single ventricle. Tliere is 
therefore some mixing of blood in the 
ventricle; but the structure of the 
ventricle with its deep receflses and 
tbe operation of valves in the principal 
artery are such that the mixing of 
venous and arterial blood is partially 
prevented. 

Lymphatic Systsm. — ^In addition 
to the system of vessels canrying blood 
in vertebrates there is a system which 
carries lymph and which is called from 
this fact the lymphaHo tyUem, It is 
composed of minute spaces between 





Fto. 00. — ; Portion flf»protonephridi^ Fio. 91. — ^Hame of a protonephrldium 
system from the tapeworm Tamia musi- of a flatworm. ei, cilia within funnel shaped 
eottit. /. flame rell : n, nucleus of Mentoiy eavity of flame cell; n. nucleus. (From Hease 
tubule; hi. oxoretorx' tubule. (Avin J^sssc and Dafi&iH njter LanQ.) 
and Doifiein after Bugge.) 

tissue cells which lead into thin-walled tubes, the lytnph iressds. At in- 
tervals, connected with the lymph vessds, in scmie vertebrates, are oon- 
tractfle organs {lymph hearts) by whose contraction the lymph is forced 
along. The lymph vessels empty their contents into the venous system. 
In mammals they reguktriy connect with the left jugular vein. 

Bicretory SjfBtem.— The simplest form of excretory system occurs 
in th^ rotif ersi fiatworms and certain other low invertebrates, and consists 
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of proUmephndia, which are fine tubes riaing in Jlame cells and dischaig- 

ing to the exterior. A portion of such a system is shown in Fig. 90, 
and the structure of a flame cell in Fig. 91. The flame cell is somewhat 
stellate or irregular in shape, hollowed out to form a funnel-shaped cavity 
within itself. A number of long slender cilia (the "flame") take their 
origin from the l3ody of the cell and hang freely into the funnel-fihaped 
cavity. In life the cilia beat continuously and by their beating cause 
currents in tho liquid which is excreted into the funnel by the cell. 

Nephridia. -In the annelid worms e^ich sep;ment or somite (with some 
exceptions) is provided with a pair of inorc or Ic.^s foiled tubes, the ne- 

phri'lid, wliich have a funnel-shaped 
ciliated opening, the m pinosiome, 
which projects (Inouf^h the septurn 
into the cavity of the somite ahead. 





Fio. 92. — Nephridium of earthworm, 
■ohematic. neph, nephroatome; ne. por- 
tion of spptuin; !-(]. jxirfinns of tuhtilc of 
the uephridiutn ; 7, opening to exturior. 
(From Ht8M ami Doflein afUr Mawianki.) 



FiQ. 93. — Struct urci4 from vertebrate kidney, 
diaerammatie. A, Malpighian oorpuade; B 

nnd (\ rrnsfi-sertions of nriniferous tubules at 
diifiTLMit lev<'ls;a!-. iiiTiTont ve.si*ol;fcr. Howmun's 
capsule; cap, rapillary; ctl, rilia; rr, cfTerent 
veasel; gl, glomerulus; ut, uriniferous tubule. 



There it opens directly into the body cavity or c(rloin. The other end 
of the coiled tube is connected to the body wall where it has an opening 
to the exterior. Tlu; body of the nephridium in the earthworm, shown dia- 
}z;rainniaticaliy in Fig. 92, is comjioscd of coiled tubes arranged in three 
distinct loops. The nephrostome sweeps in liquid and small solid particles 
by the action of its cilia. A portion of the tube is also provided with cilia 
which assist in propelling liquids through the nephridium to the exterior. 
Other portions of the nephridium are composed of cells which have a 
secretory function. 

Kidneys. — ^The excretory organs of vertebrate animals consist of 
large compact glands, the kidneySf which are made up of convoluted 
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tubules (called urimferous, tubules) beginning in globular sweUing?, the 
Malpigkian corpuscles (Fig. 93). The Malpighiao corpuscle is composed 
of two parts, the glomerulus and Bowman's capsule. The glomerulus 

consists of a group of blood capillaries. Surrounding the group of capil- 
laries is Bowman's capsule which is the expanded and invaginated end 
of one of the uriniferous tubules forming ;i double-walled cup. Each 
tubule consists of a single layer of secreting epithelium lying throughout 
its course in intimate contact with a rich supply of capillaries from the 
circulatory system. In some of the lower vertebrates, as the lamprey 
and the frog, there are ciUated funnels or nephrosiomes (Fig. 94) situ- 
ated on the ventral surface of the kiaucy and opening into the body cavity. 
In the larvae of these species the ncphrostomes connect the body cavity 
with the uriniferous tubules but in adult frogs the nephroetomes are con- 



0 C V 




Ki<i. 01. Dianrainniatic n'proHoiitnt inn (jf a <Tijs.s-!<octi()ii of the kidney of a frog. D, 
Bidder's canal. C, collecting tubule; Z?, doraal;L, lateral margin of kidney; M, Malpighian 
earpiisolM,* naphroitonM; T, uriniferou* tubule; V, ureter; V, renal porul vein. (J#««K- 
fitd from Holma*$ Biologjf of the Frog.) 



nected with the blood vessels instead of with the tubules. A diagram 
of the structures found in the kidney of the frog is slunvn m Fig. 94. 

The kidneys discharge into ureters which in turn discharge into the 
cloaca in lower vertel)rates, as the frog, or into the urinary bladder in 
mammals. In the frog the urinary bladder is located on the ventral side 
of the doaca but the ureters are not directly connected with it. Urine 
discharged into the cloaca by the ureters collects in the bladder and 
thence is dischaiged at times through the doaca. The urinogenital 
apparatus of a nude frog is shown diagrammaticaUy in Figs. 84 and 98. 
In mammals, except the few which have a cloaca^ the urinary bladder 
is connected with ihe exterior by means of the urethra. 

Sexual or Genital System. — ^The sexual or genital system has for 
its primary function the production of the ^erm cells. The transportsp 
tion of the germ cells, their storage before and after fertilization, and 
the protection or nutrition of embryos developing from the germ cells 
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are seoondaiy sexual functions. The essential feature of any genital 
system, therefore, is one or more gonads, the glands or organs which 
produce eggs or sperms. Those gonads which produce eggs (or 00a) 
are the omries, and those which produce sperms the tpermaries, or tetUs. 
All other parts of the reproductive system are accessory to the gonads. 
The complexity of these accessory genital organs bears a close relation to 
the mode of life of the animal, its breeding habits, and the place where fer- 
tilization occurs, that is, whether external or internal. In the simpler 
cfelcntcriitcs (Fig. 60) the sperms arc discharged from the spermnries 
directly into the water, and to fertilize the ova they must penetrate 
the ovary. In others the sperms are discharged into the gastrovascular 
cavity whence they escape through the mouth into the water. In this 
group there are no tubes, or (jonoducts, for tin* transfer of germ cells from 
the gonads to the exterior but the germ cells must break through the 




Fio. 96. — Reproductive organs of the earthworm, schematie Mproaentatioa of tlw 
■ide Tieir. JX-XV, numbefs of •omilM; em, eirottlar mindea; «p, epitbelhim; /, l^mnd 

of vas deferens; Im, lon^dtudilial nuixrlos; or. ovary: nnl. ovidtict ; ovh. ovisnr; r«. rcrcp- 
taculum Bommis; te, testis: wf. vas deferens; ti«, veaiculu seminalia; iia6, baae of vesicula 
wmiiiaUs; 9f opening of ovidnet; cT* openinc of iras daforani. {.Modifitd fnm Hssm.) 

bodj' wall. In certain polycha?te worms also the germ cells are shed into 
the water by the bursting of the Ixjdy wall in certain somites of the body. 

Systems with Accessories. — In the oligodKPte worms, represented 
by the earthworm, a much more coniplicnf ed fz;roup of organs serve the 
reproductive functions. The male organs are two pairs of testes, three 
pairs of sitninal vr.v'cles and one pair of rasa deferentia. The testes 
(Fig. 95) are imbedded in the bases of larger organs, the seminal vesicles, 
in which the sp<'rms undergo the later stag(\s of their development and 
await the tiiiu" of copulation. Dehcate tubes, the va.sa deferentia, which 
originate in funnels in the base of the seminal vesicles and which open to 
the surface in the common earthworm on somite 15 conduct the sperms 
to the exterior. The same worm also possesses aset of female reproductive 
organs consisting of one pair each of ovaries, ovimcs and oindueU, and two 
pairs of roeeptacuJa mninis* The eggs are discharged from the ovaries 
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into the ooBlomic eavity and are coUeeted in the ovisacsi where they 
remain until they finally pass down the oviducts to the exterior. The two 
pairs of receptacula seminis are sao-like organs in which sperms are 
received at copulation and stored for future use in fertilizing the ova. 
Th^ are located anterior to the male organs and have no ducts conmiuni- 
cating with the other parts of the female reproductive system. 

Sghly Connies Reproductive Systems in Invertebrates.— In many 
species the ova are fertilized internally. In such animals there are 
special orgaasfor the delivery of the spernuitosoaby themale^ andfortheir 




Fio. 96. — Prosiottis of a tapeworm, ProtofMwphaliui, dtagrammatioally reprsseotiiiK 
reproductiv« orijanfl. fp, fertUbation pasaage: oof. ootype; ov. ovary; emf, oviduct: p. 

peuis; pp. i)«'tii:il i>oitch; rs, receptaculum »?oiiniiis; tx, tcHfin; uterus: m. vuirii'ii; fd, 
vas deferens; ve, vasa effereutia; «0, viteUiae gland: vgd, duct of vitelline glaud; vr, vitelline 
reaervoir. 

reception by the female. There is usually an organ or organs for the 
storage of eggs before and after fertilization. In this organ, the uterus, 

the young may develop. Other special organs may also be present. 
The genital system of Proteoeephalus, a genus of tapeworms, may be used 
to iHustrate the arrangement of these organs in the complex svsteru.s of 
some of tlie lower invertebrates ( J-'ig. 9G). These worms, like the earth- 
worm, possess l>oth male and female systems m the same animal. The 
male organs consist of many testes which are connected to a coiled tube, 
the 008 deferens f by means of minute anastomosing tubules, the vasa ejfer' 

9 
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crUia. At the other end the vas deferens is coanetted to an evertible 
copulating organ, the cirrus or peiiis, which hes, when not everted, within 
a penial pouch. The principal female organs are the bilobed ovary, 
the so-called vitelline glands^ uterus, and the ducts which connect these 
organs with each other and with the exterior. Of these ducts the copula- 
tion passage, or vagina ^ opens to the exterior beside the cimis through a 
common genital chamber. The vagina eictends inward and baekwnid 
and then expands into a receptaetdum mninU in which the sperms are 
stored, and thence proceeds backward to join the ooidud which takes its 
origin (rom the mid-piece of the bilobed ovary. From the junction of 
the oviduct and vagina, a continuation of the oviduct which serves as a 
fertilisation passage discharges into the od^ype. The odty pe receives also 
the vUelHne dud which may be traced to the vitelline glands, so called 
because they were once believed to furnish the yolk for the eggs. Into 
the odtype the oviduct discharges fertiUzed ova while the vitelline duct 
discharges cells from the vitelline glands. In theo6type each ovum and a 
group of vitelline cells arc converted into what is commonly called the 
egg, which is covered with nienibr.mcs. These eggs are conducted through 
a uterine passage to the uterus where they nnd their developinp rmbryos 
are stored. The uterus is at first a straight tube without bram hcs, but 
as the proglottis (segment of the tapeworm) becomes older the uterine 
walls put out hollow lateral branches which become filled with eggs. In 
this tapeworm there is no definite openmg of the uterus to the exterior 
but finally the ventral wall of the proglottis splits lengthwise opening up 
the uterus and discharging the eggs. 

Urinogenital Systems. — In vertebrate animals the reproductive and 
excretory systems are intimately connected and together they comprise 
the urinogenital system. The excretory system of the frog has ab-eady 
been described. In both sexes of the frog the gonads develop ventrally 
to the kidneys and here they hang suspended in loops of peritoneum. 
This relation is most plainly seen in the male and in young females 
whose ovaries have not yet become voluminous. 

hymg dorsaily to the ovaries in the female frog and extending into 
both ends of the body cavity are coils of the oviduct (Fig. 97). Each 
duct takes its origin in a ciliated funnel which lies just dorsal to the heart 
and at the extreme anterior end of the ccelomic cavity. The posterior 
end of each oviduct is transformed into a thin-walled distensible bag, the 
uterus, which is connected by means of a narrow passage with the cloaca, 
in the same re^^on as the opening of the ureter. The walls of the uterus 
and the ureter become united side by side in their lower courses but their 
cavities remain distinct. Eggs are released into the body cavity by 
ruptures in the peritoneum covering the ovaries. They are earned for- 
ward to the funnels of tlie oviducts by the currents caused by general 
body movements, assisted by pressure of the fore arms of the clasping 
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male. The oOia of the funneLB of the oviduot create curr^ts which 
sweep theegge and other matter into the open ftmnels and down 
the oviducts. The remainder of the path to the ezteiior is indicated 
by the structure and arrangement of the organs. 

In the male frog (Fig. 98) the 
testes are connected to the kid- 
ne3r8 by means of fine ducts, the 
vasa efferentia. These fine ducts 
penetrate into thr kidney and 
open into a longitudinal canal 
(Riddcr's canal) which is a long 
tube running lengthwise of each 
kidney near its median border. 
Bidder's canal is conneeted with 
the ureter by means of a series 
of collecting tubules into which 
the uriniferou8 tubules also open. 
Spermatoaoa in the frog must 
thmlbre pass throygh the vasa 
efferentia. Bidder's canal, the 
ooUecting tubules, the ureter and 
cloaca on their way to the ex- 
terior. In some species of frogs, 
the lower end of the ureter in the 
male may be expanded into a 
ssmtfiol ve9ide in which sperms 
are stored until they are emitted 
at the time of breeding. 

A oomparison of the repro- 
ductive S3r8tem8 of the male and 
female frogs reveals that in the 
female the reproductive orpnns 
are less intimately connected 
with the excretory oifzans than 
in the male. In n'piilets and 

birds, the genital system, espe- i' W- U7.--Urinogcnitalsyatcm of female frog, 
• 11 • . i_ 1 ■ ■ diaframmatic. A, anua; CL, cloaca; CV, post- 

cially m the male, is in some re- ^^^i oviduct: K, kidaey; 

spects more distinct from the -i'/. law intestine; OV, ovary; OVD, oviduttt; 

. . .1 :* : • 'S7. snmll intestine; UB, ttrioazy bladifor; VR, 

excretory system than it is m ^jt^ utema. 

the Amphibia. In both these 

classes, as in the. Amphibia, both excretory and genital systems dis- 
charge into the cloaca* 

In most mammals, the two i^ystems open to the exterior through a 
common opening which is separate from the opening of the digestive 
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system. la the female, the funnel of the oviduct is very near the ovary, 
hut is not connected wil h it. The oviduct opens into the utenis in which 
the young are retained and nourished until birth. Th(> f ( )rin of the uterus 
differs in the different groups of mammals. That illustrated in Fig. 99 
is common among the carnivores, rodents, and others which bring 




FM. 08.— Urinogenital eywtmm of male frog, diafcrammatic. The kidney at the left 
is in surface view, at tin- tiylif iti diagrammatic optical sectidn. .1. nniis; BT, Bidder's 
tube; CL, cloaca: CT, cuuuectiug tubule; CV, postcaval vein; FB, fat bodies; A', Iddney; 
Lit large inteatine: MD» Mudtorian duet; 81, amall intaatine; teatea; UB, urinaiy btaddM-; 
UR, ufttter; VB, vaaa effeientia. 



forth young in litters. The uterus is connected to the exterior by the 
vagina which is the copulation piis^age. The urinary bladder, which 
belongs to the excretory system, is connected to the lower portion of the 
vagina by means of the urethra. In some mammals there are accessory 
glands in connection with the female urinogenital^ system. In the male, 
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the testes ore connected by meaOB of the vaaa defenntia (singular, vaa 
diferens) with the urethra^ which extends from the urinary bladder 
through the penis. There are usually accessory glands. 

Locomotor S||^8tem. — Locomotor organs or organelles cl a simple 
type exist in most of the lower invertebrate animals but they can scarcely 
be said to constitute a system. The simplest form of locomotor system 
consists of two sets of opposing muscles. It is essential to an under- 
Btanding; of tho operation of any locomotor system' in wliich muscle is 
involved to note that muscle is 
able to contract vigoron-ly nnd 
thus exert considerable pull, but 
that its relaxation is passive, and 
its push negligible. A locomotor 
system depending on muscle as the 
iiioLiVi: power must therefore l)e 
composed of opposed muiscleis. In 
many of the worms, movement of 
the body is brought about by the 
alternate eontraetioa of two main 
sete of muscles, the lonffUudinal 
and the eireuHar* The longitudinal 
musdes run lengthwise of the body 
and the circular musdes encircle 
it. If the longitudinal muscles 
contract the body is shortened while 
if the circular muscles contract and 
the longitudinal muscles relax the 
body is lengthened. Sets or 
qpines which increase the friction 
of the body on the surface over 
which the worm is creeping are 
present in many worms. In the 
iw^ciies and in some other worms 
of parasitic habit, muscular suck- 
ing disks at the ends of thv body, 
or at one end and at some other 
point on the ventral surface, enable the worm to adluirc iiiinly in one 
region while the body is extended or drawn up. The alternate elonga- 
tions and contractions of the body ol these animals are accomplished, 
however, by the contraction of two seto of muscles in the manner de- 
scribed above. 

Levers in Invwrtebt atee . — ^In most animals employing musdes, a 
portion of the system consists of a set of levers moved by muscular con- 
traction. Thus in each somite of the earthworm are four pans of sets 




Fio. 90. — l7rinogenit«l ayatitm of a female 

mammal having a hi( f)rntmtc uterus. 9ome> 
what Hchematic. bl, uriuury bludder; k, 
kidney; orf. oviduct; ov, ovary; sug, uiino- 
genital sinus; ttr.t ureter; ui, utenin; vg, 
vagina; *. position of embryos. (Modified 
from WimknhHiit,) 
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Eio. 100. — 8eia and muaoles in the Murthwonn, drawn from a longitudiiial section anterior 
to tbt oUtolltiin. «m, dnular Bnudea; <m, loncitudiiuil mMolli* {QrioinaLi 




A B 
Fio. 101.— Relation of muaclo to hard parts in appondaRc^s of insect nnd man. A, 
luff of hmift: ft, leg of man:/, femur; /«, skeleton of foot ; i. insertion of muscle; m. muscle; 
o. origin of muMle;fa,tMido^hiUM;li,Ubiiu {A^MrBtfliM^- Bajt/tr U»M$aindDi)finn.) 
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whosp outer ends projrrt slightly from the hody. These setae an; 
pivoted in the body wall and their inner ends are moved by the eontrar- 
tions of muscles (Fip. 100). The seta' play an important part in the 
locomotion of the earthworm IxMause aft^'r the body is extended they 
catch on the soil and liold fast until the contraction of the lonpritudinal 
muscles shortens the InAy and brings up the rear. Since they are pivoted 
and are provided with muaeleiJ their angle with the surface can be ehanged. 
With the angle of the set® changed the contraction and relaxation of 
the circular and longitudinal muscles move the worm in the opposite 
direction 

In the Aiihropoda (including shrimps, crayfish, crabs, inflectB, and 
spiders) the locomotor organs likewise consist of sets of levers moved 
•by the contraction of muscles regardless of whether the form of locomo- 
tion be swimming, creeping, walking, or flying. The hard parts are 



Fro. 102. — Regions of the vertebrate skeleton (cat). (From Jayne's Mammalian Anatomy.) 



outside and the muscles inside, as shown in (Fig. 101, A). This relation 
of levers and muscles is reversed in the vertebrate leg (Fig. 101, B), 
in which the bones are beneath the muscles. 

Sketeton of Vertebimtaa. — ^The vertebrate skeleton largely deter- 
mines the form of the body and serves as attachment for muscles and 
other tissues. It is composed of bones and cartilages unite^l partly by 
ligaments, is covered by the soft parts of the body and is supplied with 
blood vessels and nerves. It may conveniently be divided into regions 
as indicated in Fig. 102. On more fundamental anatomical grounds 
it is also subdivided into the oaM and the appendicular skeleton. 

Axial Skeleton. The axial skeleton (Fig. 103) is made up of 
the sknU, hyoid apparatus, vertebral column, ribs, and sterrnini. The 
skull furnishe.s a case for tlie brain, capsules for the organs of hearin^j and 
smell, and orbits for the eyes. It also includes the bones of the jaws. 
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To it is uttaclu'd the liyoid apparatus which is a bony or cartilaginous 
support for the hi\sv of the tongue. 

The vrrtohral rolunin is a jointed stnicturo coiiiposcd of a number 
(different in tliffcn nt sjDeciejs) of vertebrH- placed end to end. Together 
they form a tube enclosing the spinal cord, and their outer surface*} form 



Z.sm^r Sacral. 




FlQ. 103. — Axial skoleton of the cat. {From Jayne's Mammalian Anaimny.) 

attachments for ligaments and muscles. The vertebral column is 
structurally differentiated into five regions, cervical, thoracic, InmbaTf 
sacral, and caudal regions (Fig. 103). The plan of a vertebra is shown 
in Fig. 104. It is composed of a heavy ventral portion, the centrunif from 
which arises a bony arch, the neural arch. The latter encloses the neural 




Fio. 104. — Diagram of a typical ver- Fiu. 105. — Diagram of two typical vertebras 
tolim vfowed from in front or from behind, viewed ffom tbe lide, with anterior end at the 

e, centrum; na. neural arch; nr. neural left, az, anterior sygapophysis; c, centrum ; /, 
canal; ns, neural apine; lp> trauavcrsc intervort«bral foramen through which nerves 
proeeas; m, aygapoploriia. and bloodvessels pass; %e, intervertebral carti- 

lage; no, neural arch; n», neural spine; jni, poe- 
terior sygapophysb; tp, tnnavetw pioceH. 

canal which is occupied by the spinal cord. From the sides of the arch 
two transoeree proceeaee project, and from the apex of the arch arises the 

neural spine. One pair of articular processes or zygapophyaes project 
anteriorly and another posteriorly from the sides of the arch. The rela- 
tif)ns of the anterior and posterior zyp^apophyses and the articular faces 
of the centra of adjoining vertebra are made clear in Fig. 105. 
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The forms of t he vertebrae in tiiilerent regions of the vertebral column 
are very diffprent iim shown in Fig. 103. In the thoracif region of an 
animal having liba the vertcbrui have faces for the articulation of the 
ribs. In the sacral region the vertebrae in some animals arc considerably 
thickened without great change in form, while in othcns they are much 
flattened and more or less fused into a plate-like structure, the sacrum. 
In the sacral vertebra the neural eanal Is reduced in size and in the 
caudal vertebra it is entirely absent. 

Vertebrs articulate with each other chiefly by means of the centra. 
The articular surfaces of the centra may be concave or convex. CJom- 
monly one of the surfaces of a centrum is concave and the other convex, 
the convex surface of one vertebra fitting into the concavity of the next. 
But in some vertebns both surfaces are concave and the space between 
the centra is filled with a lens-shaped 
pad of cartilage. Biconcave verte- 
bra} are called amphiccelous {amphi 
= both and kailos = hollow) . In the 
concavo-convex type of vertebra if 
the concavity is directed toward the 
head the vertebra is* said to be pro- 
C€bIoii8, but opisfhfxxvlous if the con- 
cavity is dirccu'd })osteriorly . 
These types of vertebrae are illus- 
trated in Fig. 106. 

llibs are usually attached to the 
vertebrsB in such a manner that they 
can be moved. Some of the hinder- „ 

. , rtf;. lOfl.— ThrcA (^^Je8 of vertehraj. 

most ribs are free at their ventral Only the centra mid luteml proresses ure 

ends while others are connected to rf»<>^- Upper end i« anu rior. ^. pro. 
the sternum or breast bone more or 

less directly by means of cartilage. The sternum is a bony or cartilagi- 
nous structure which lies in the median ventral part of the thorax. The 
number of pairs of ribs varies in different species. 

Parts of Appbndiculab Skbubton. — The appendicular skeleton 
consists of the shoulder or peeUmil girdk and the hip or pdifie girdle 
and the fare and hind limbs. The generalized plan of the girdles and 
limbs of animals higher than the fishes is shown diagrammaticaUy in 
Fig. 107. In these appendicular skeletons each of the girdles is composed 
of throe pairs of bones which are similarly arranged in the two girdles. 
Each side of the pectoral girdle is composed of a flat bone the scapula 
or shoulder blade, directed dorsally, a coracoid bone connecting the 
scapula and the sternum (not shown in the diagram) , and a claride 
which in some vertebrates also connects the scapula and tlu^ sternum. 
There may be a cartilage, the precoracoidf afiixed to the posterior edge 
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of the clavicle. A cavity, the glenoid fossa, located at the junction of 
scapula and ooracoid serves as the point of attachment of the fore-hmb. 




Fio. 107. — Diagrams of smeralizod fon? (A) and hind {B) limbs with limb frirdlp;^. 
00(6, aoetAbulum; CL, dsvieto; en. I, cn. 2. centralia; COR, coracoid; <Ut. 1-5, distai row 
of emrpal* ma& tarnla; PE. femur; PI, fibulft; ft, fibulare; 0l» ilenoki fom; I'V, digit*; 
//>, iliiini; int, intermodiimi ; IS. ischium; mtcp. 15, metacarpals; mit». 1-5. niotutnrsals; 
pfi, phalanges; p.cor, precoracoid; PU, pubis; RA, radius; ra, radiale; SCP, scapula; TI, 
tifafo; H, tttitale; VL» ulna; «!, uliiuv. (Pnm Pmker md HuntOPt TeaAook 9f Miwv*) 




A B 

• ¥ia. lOR. — Nerroua mMhanism of Hydra. A, neuromuscular cell from oetodomi; 

B, ertodorninl nerve plexus. The lonjr fibrils in (ho hnflcKrounfl i\rv the COOtraOtUe parta 
of neurumu!4cular cells. They lie iu the mcsoglcea. (From Schneider.) 

Each side of the pelvic gurdle consists of an iUtm, udUum and pubU, 
These three bones in a generalized skeleton are arranged similarly to the 
bones of the pectoral girdle. The cavity at the junction of the three 
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bones is the aceUib\dum. In it is seated the head of the femur (thigh 

bone). 

The bones of the arm and leg or fore and hind limbs are arranged 
according to the same plan and may be compared hone for bone, humerus 
with femur, r(ifliu.<i and ulna with tibia and Jibula respectively, carpal 
(wrist) bones with tarsal f. 'inkle) bones, metacarpola with mdaUinaU 
(body of hand and foot i i sjiectively) and phalanges 
(bones of the digits) of hand with those of the foot. 
Vertebrates with prinutive limbs huve five digits on 
fore and hind feet, but the limbs of specialized animals 
have undergone more or less extensive modifications 
from the original five-fingered and five-toed plan. 

NeiTOOS System. — The function of the nervous 
system is to receive stimuli and transmit impulses. 
Not present in the Protozoa and Porifera, nervous 
tissue is first found in the Coslenterata. In the 
hydroid polyps there is little specialised nervous 
tissue, but many ectodermal cells (Fig. 108) have 
elongated processes at their bases which serve the 
dual function of contraction and tranamiseion of 
stimuli and are therefore properly called fi^^uromuea^ 
lar cells. Connected with these cells are sometimes 
other cells with long processes which serve as nerves 
for transmission of impulses. 

Degrees of Centralization in Nervous Systems. — 
In jelly fishes, a ring of nervous tissues encircles the 
rim of the umbrella. Nerve cells of the ring are con- 
nected with a network of nerve cells in the iinii>rf'!la, lo^ — Nervous 

. . system of a roundworm, 

makmg a diiiusc nervous system, ihis type of diagnutunaticaUy rep- 
nervous system is the lowest in the animal scale. J^"***** 

, • ^ . ■ y ■'^'J' ganglion: Bn, 

A more centralized nervous system is found ni the ventral nerve; C, lateral 
fiatworms and roundworms. In the fiatwonus, for ff*"*"^" »f 

1 • » III I I • I I m • 11 • ^"'"■al nerve; S, 

example m the rhabdocoele and triclad Turbellaria, anterior lateral uerve; 
there is a single oanfl/Mm or thickened mass of nervous ^J' nerve; 

. XL 1 . J * m_ •»»b-ti.cchan nerve. 

tissue m the antenor end of tiie worm. From this (From s, <k!vnck'B stx*- 
ganglion (Figs. 81 and 82) two main nerve trunks 'l^'^lJ^smdM)^'^ 
extend to the posterior region of the body. Branches 
from the ganglion and from the nerve trunks extend forward and to the 
lateral regions of the body. In the roundworms (Fig. 109} a ganglionic 
mass, the nerve ring, surrounds the esophagus and from this mass a dorsal 
and a ventral nerve trunk extend backwards. These are connected at 
intervals l^y commissures. From the nerve ring, branches extend for^ 
ward and for a short distance backward. 

In the Annelida (segmented worms) the nervous system is more 
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highly developed but it is not highly centraUzed. It consists of a chain 

of ganglionic masses extending ventral to 
the alimentary tract from near the anterior 
end to the jwsterior end of the worm. In 
the aiitriior end the nerve cord divides, 
the two halves together encircling the 
pharynx and uniting above it, at the junc- 
ture of the pharynx and buccal pouch, to 
form the so-called brain, which in reality 
is no more than a pair of gangha. From 
the brain, branches extend forward to the 
prostomium and to the other organs of the 
first few somites. There is a ganglionic 
mass in each somite, from which paired 
nerves extend out to the body wall and 
there branch out to all parts of the somite. 

The nervous system of the Arthropoda 
has certain points in common with that of 
the Annelida. It lies ventral to the digest- 
ive system, which it encircles at the an- 
terior end, and is composed of ganglia from 
which nerves arise. Whereas in the an- 
neUds the paired ganglia of each somite 
are fused into one ganglionic mass, in some 
Arthropoda they have a ladder-like arrange- 
ment as in Fig. 110, .1, and in others the 
ganglia are fused into a chain (Fig. 110, B) 
like that sccni in the earthworm. A more 
advanced type of ncn'ous system in which 
the ganglia of the chain are fused into larger 
ganglionic masses froni which nerves arise 
may be seen in Fig. 110, C. In this type 
centralization has gone further than in the 
preceding forms. 

Concentrated System of Vertebrates. — 
Concentration of the main masses of the 
nervous system into organs of limited ex- 
tent is carried farther in the Vertebrata 
where the nervous system is highly organ- 
ized. Even within the group of the Verte- 
brata, the nervous system shows a con- 
siderable increase in complexity and in the 
degree of centralization from the condition in the lower vertebrates to 
that in man. The central nervous system of the frog (Fig. Ill) consists 




Pwi. 1 10. — Nervous systems of 
arthropoda. showins advance in 
centralization. A, ladrii-r-liko 
iiprvou.s systoni of Limnadia, .in- 
terior portion only (after 
Kluntinfftr); B, Attaeua fiwriiailU 
(cjter Vo{jt and Yutnj'\: C, Maia 
tquinado {after Milw-EdwanU) ; 
bg, subesophagMl ganglion; g, 
brain or supraosophnneiil naiijrlioii; 

C80plui(j:u?»; fic, e.so|>iiuKC'iil < »»in- 
misBUre; u, poHtesophuKoal rom- 

miwun. {From Sedguic k' s 
StudetU'9 TexAook of Zo6logy, 
after Lang.) 
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of a moderately large mass of nervous tissue, the brain, located in the 
head, and a spinal oord, dorsal to the alimentary tract, extending back- 




Fro. 111. — Nervous lystein of the frofr. showinfr eranial and npinal oervM sod aym^ 

pathotir 8y?<toni, \'entral view. 7-.V. cranial ihtvoh; n r. i frobrum; L opt, optio lobe; Mt 
JiMal eac: a, vympatUelio system; ape, spiaal cord. {After Wiederaheim.) 

ward from the brain almost to the end of the trunk. From the brain 
arise 12 pairs (10 in lower vertebrates) of cranial nerves which extend to 
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and innervate tlie organs of the head and neck and many organs of the 
trunk. The distribution of these nerves is practically tlic same in all the 
craniate vertebrates (those possessing crania or skulls). From the spinal 
cord paired nerves originate, corresponding to the somites of the body 
as indicated by the vertebrjp. Each spinal nerve originates by two 
roots, dorsal and ventral (Fig. 112), The dorsal root just median to its 
union with the ventral root expands into a ganglion which i.s cninj osed 
of nerve cells whose processes makeup much of the nen^'e. Originating 
in the brain (Fig. Ill) and extending down on cither side of the spinal 
cord are two strands of nervOus tissue which arc connected by nerves 
with the dorsal root ganglia. These strands with their branches and 
ganglia, which may be widely separated from the strands, comprise the 
sympaihetie nenmu sysCcm. 



Pro. 112.- — Diagraju showing origin of npinal nerve by two rooU. oiT, afferent fibers; 
dh, dorsal horn of the gray matter of the spinal cord; drg^ donal root ganglion; afferent 
fibers; vh, ventral bom of the gray matter of the oonL 



Neurons. — ^The unit of structure of the nervous system is the neuron 
or nerve cell. These cells are of various shapes and sises, a few of which 
are iUustrated in Fig. 78. The neuron consists of a cell body from which 
commonly arise short branching processes, the dendntes, and a single 
unbranched process, the axon. The latter is often very long and may be 
surrounded by a sheath (Fig. 110). Neurons are brought into relation 
with other neurons by means of their dendrites and axons, which may 
come directly in contact with the Ixxlies of other neurons m indirectly 
through their dendrites. The ends of the processes may be in contact 
with tissues. 
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PHYSIOLOGY OF ORGANS 

The organization of the bodies of higher animals into organs and 
systems obviously makes possible a degree of interrelationship of function 
not found in the phyniological processes of simpler organisms. 

Organ Physiology Rests Upon Cell Physiology. — The })a8i8 of organ 
physiology is the physiology of the cell, for obviously the function of an 
or^an is, in a sense, the sum of the functions of its component cells. 
The cells do not share equally, however, in determining the function of 
the whole organ, for certain cells directly perform the service to which 
the organ is devoted, while others are only accessory to the main fuin t ion. 
For example, in the stomach the functions of the ceils of the mucous 
layer are of far greater immediate importance than are the functions of 
any other cells of that organ, although the other cells are indirectly in- 
dispensable. The physiology of an organ is more, however, than the 
functions of its cells, since in cooperating the cells modify the performan<;e 
of one another, and there results a function of the organ as a whole, 
which rests upon the functions of its parts. In like manner, though an 
organ has a recognizable function, that function cannot be isolated 
from the functions of other organs, for few organs occur sin^y. Usu- 
aUy they form part of some system, and the functions of the system are 
the functions of the organs of which it is composed, plus certain activities 
which depend on the dose mutual relations of the included organs. In 
the account of these functions duplication of the descriptons of func- 
tions which were necessary in connection with the account of the 
morphology of organs in Chapter VI cannot be wholly avoided, and 
reference should be made to that chapter for some of the facts of physi- 
ology and for further details as to the structure of the organs and 
systems involved. 

Digestion in Man. — In the mouth, food is broken up, during wWch 
process the tlu-ce pairs of salivary glands pour out their secretion {salti'd) 
which is mixed with the food. The sahva contains an enzyme, ptyalin, 
which is capable of transforming starch to sugar. This is not accom- 
pHshed instantly, but the operation is much more rapid on cooked than 
on raw starches. The ptyalin tirst splits starch into erythrodextrin and 
maltose, one of the sugars. If time is allowed for the reaction the erythro- 
dextrin is further acted upon, yielding maltose and another dextrin. 
This dextrin is broken down with somewhat similar results, and the hnal 
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result of the action of ptyalin is that all of the starch is converted iuto 
maltose. Ordinarily, because of the short sojourn uf the food in the 
mouth, Ultle starch digestion actually takes place there, and since 
ptyahn acts only in an alkahne medium, its action is st(ji)pcd by the 
acid erf the Btomach. The maltose remaining from salivary digestion in 
acted upon by inverting enzymes in the small intestine and associated 
organs, to which reference is made below* In the salivary secretion 
there is also some aJhutnen and mucin. The latter is change to mucus 
which acts as a lubricant for the particles of food. 

In the stomach, the food is acted upon by the secretioi| of the gastric 
glands which are small branched or simple tubular glands located in the 
mucous layer of the stonuich. Hie movement of the muscles of the 
stomach mixes the food with the gastric secretion, which contains hydro- 
chloric acid, two important enzymes, pepsin and rennin, and perhaps a 
third enzyme of less importance, the gastric lipase* The hydrochloric 
acid aflfords a suitahlc medium for the action of the enzymes (except the 
lipase), and incidentally stops the action of the ptyalin descending from 
the mouth. The rennin coagulates milk, a fact made mo of in cheese 
factories where a preparation of rennin made from calves' stomachs 
is used to separate the curd from the whey. Pepsin as it comes from the 
^iastric ^;lands is in an inactive state in which it is called pepsinogen. 
Pt'l)sin<)<^(;n i.s rrndcrctj active (converted into pepsin) by the hydrochloric 
acid, which is secret eti in a concentration of alxmt 0.4 to 0.5 per cent. 
The acidity of the gastric juice is usually estimated at about 0.8 per cent. 
Pepsin acts only on proteins converting them to p('j)t()n(«s and proteoses. 
The process of absorption uf the products of digestion tlirou^ih the gastri(5 
mucosa is not very active. Water and some sugar and jx ptones are 
absorb<>d, particularly if the solution be strong. Ordinary fats are not 
acted upon in the stomach, but emulsified fats (cream) arc said by some 
investigators to be digested by the gastric lipase, A statement of the 
results of digestion of fats is deferred, however, to a later paragraph. 

Secretin. — When the acid stomach contents are ejected through the 
pylorus, the acid acts upon a substance In the mucosa of the duodenum 
and changes this substance to secretin. The secretin is absorbed by the 
blood and is carried to the pancreas which is thereby stimulated to secrete 
its fluids. Since secretin is not affected by heat nor by alcohol it is not 
considered to be an enzyme, but is classified in a group of activators 
called hormones* That the stimulation of the pancreas is not by means 
irf nerves is jiroved by the fact that the pancreas functions properly aft«r 
the branches of the vagus and splanchnic nerves with which it is innervated 
are cut. 

The Pancreatic Juice. — The pancreas produces a thin wat<?ry secre- 
tion which amounts in quantity to about 500 cc. to SOO cc. per day. or 
about I to i^i pints. This secretion contains three enzymes, which act 
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upon piroteiiuiy carbohydrates, and fats respectively. The protein- 
spUtting enzyme is inactive when it emerges from the pancreatic duct, 

and is then known as trypginogen; but when it comes in contact with the 
duodenal surface it is quickly rendered active. This is explained by the 
assumption that the mucosa of the duodenum produces an enzyme, 
erUerokinaWt which reacts with the inactive ti vp<'inog:en changing it to an 
active form, called trypsin. The trypsin by hydrolysis splits proteins, 
protoosos, and poptonos present in the chyme (partially digested food in 
a fluid condition) from llie stomnch into simpler and simpler compounds. 
As is to l)e expected from the composition of j)roteins (descrilM'd in Chapter 
III) tiK- end products of protein digestion are amino-acids. of wliich about 
t\vent\- are known, and several other compounds. Tr>'j)sin works in 
alkaline, neutral, or even acid media. It completes the work begun by 
the pepain, and works more rapidly and breaks the protein up more com- 
* pletely than does the pepsin. 

The carboh^'dratc-splittingcnzymeof the pancreatic juice isamylopsin. 
Unlike trypsinogcn it requires no activation. It produces a hydrolytic 
effect on starch very similar to that of ptyaUn, producing maltose and 
a dextrin. These substances are further acted upon and converted into 
dextrose by an enzyme, tnaUaae, secreted by the intestine. Dextrose is in 
condition to be absorbed. 

The fat-splitting enzyme of the pancreatic juice is sUajmiif sometimes 
called Upa$e, Steapsin by inducing h3rdrolysi8 splits fats into glycerol 
(glycerin) and one or more fatty acids of which, as pointed out in Chapter 
III, fats are composed. The fatty acids combine with alkaline salts 
that are present in the food or are introduced by 6t7e, the seeiet ion from 
the liver, and soaps are produced. These soaps and uncombined fats 
become emulsified, that is, they become broken up into minute globules, 
and are finally completely hydrolyzed into glycerol and fatty acids. 
These substances arc soluble and are absorbed in this condition. Steapsin 
is destroyed by acids, and works best when mixed with bile, which being 
alknline, corrects the acidity of the food mass and assists in the emulsifi- 
cation and saponifif;>t!on of the fat. 

The Secretion of the Liver. — Bile, the secretion of the liver, contains 
no enzymes. It contains water, bile salts and certain excretory materials. 
The secretion of bile is stimulated by the hormone secret in in the mme 
manner as is the secretion of pancreatic juic*'. Bile is ordinarily stored 
in the gall bladder until the acid chyme is ejected by spurtsfrom the stom- 
ach. Each ejection of chyme is followed by an ejection of bile from the 
gall bladder. The bile assiBts the steapsin of the pancreatic juice in the 
digestion of fats. This action is considered to be due to the bile acids 
which serve as a solvent for fats and fatty adds* That bUe is of impor- 
tance in the digestion of fats is shown by the fact that if the bile is pre- 
vented from entering the intestine through the experimental formation 
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of ft biliary fistula a large share of the ingested fat ia not digested and 

may be recovered in the feces. 

The Intestinal Se€retio]i.-^Tlio secretion of the small intestine, 
sometimes called the succus enU ricuSf is produced in small tubular glands 
which are local invaginations of the mucosa of the intestine. This secre- 
tion consistsof enterokinase, erep^n, several in verting en zjTncs, and «eCT*e<Tn. 
Enterokinase, as stated al>ovc, converts inactive trypsinogen into active 
trypsin. Erepsin is a protein-splitting enzyme which acts {jarticuliirly 
on peptones and doutero-albumoses, reducing them to amino-acids and 
supplementing the action of tr>7>Rin. The inverting enzymes are three 
in number. These are mnltase, inrcrfasc, and ktclase. MaltH.«e con- 
vert sin to dextrose the maltose anddextrins rei^ulting from the ojx'ration of 
ptyalin and amylopsin upon starches. Invert ase changes cane sugar 
to dextrose and levuiose. Lactase converts nnik .sugar to dextrose and 
galactose. 

Secretin, as indicated above in connection with the stimulation of the 
pancreas, is not an enzyme but a hormone. It exists in the mucosa of the 
duodenum as pntecretin which is stable and does not affect the pancreas. 
The acid from the gastric juice mixed with the food coming f rom tii€ atom- 
Boh changes the prosecretin into secretin which is absorbed and carried 
by the blood to the pancresa and the liver, which are thereby stimulated 
to secrete pancreatic juice and bile respectively. 

Digestion in the Lajge Inteatfaie. — ^The laiige intestine produces no 
enaymes. Water and some of the products of digestion are absorbed 
here. Bacteria flourish in the large intestine. Many of these attack 
proteins, while others attack the cellulose of plant cells and perhaps so 
break it down that some sugars are recovered from it. Bacteria which 
attack proteins are not numerous, however, when the products of pro- 
tein digestion are rapidly removed. 

Assimilation. — After foods have been converted into simple substances 
and rendered soluble they are absorbed. These substances are then 
resynthesized into more complex substances, that is, proteins, carbohy- 
drates, or fats; or perhajjs portions of them without In-ing recomhined 
are oxidized \yith the lil)eration of energy. The meiliod of syntlirsiHis 
unknown but it is presumed that enzymes play an important part in 
the process. 

Absorption. — In the more complex animals absorption occurs along 
the portions of the alimentary tract. In . ucli .simple animab u.s Hydra 
all the endodermal cells are bathed in the products of digestion or carry 
on digestion in themselves, and through these cells absorption takes place. 
Some of this material not used by the endoderm is passed on by diffu- 
sion to the ectodermal cells tmchanged, or possibly it is synthesised first 
in the endodermal cells, in which case the proteins, fats and carbohy- 
drates must uguln be broken down mto diffusible substances before they 
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are passed on to (he other cella. In animals with a circulatory sysiUsm, 
the simpler substances pass through the absorbing cells direct^ into the 
blood stream, or into the lymphatic system and then into the blood 
stream. The principles of osmosis, diffusion and imbibition are usually 
invoked to explain absorption through the wnlh of the alimentary tract. 
Numerous experiments, however, conclusively show that absorption is 
often greatly modified by the activity of the absorbing cells. 

S3mthesis of Absorbed Substances. — During passage tlirough the ab- 
sorbing cells some of the simpler substances may be synthesized into more 
complex ones. Tliis is eertainly true of fats which are absorbed as glyc- 
erol and fatty aeids, for these latter substances are not found as such in 
the bloo<i stream nor in the lymphatics. Cllobules of fat can be demon- 
strated by proper staining method> in tlie epithelial cells of the !nt<»stine 
during the process of digestion, and after a meal the branches of the 
lyinj)li;Ltics which arise in the intestinal walls are white from theemuiisified 
fat coulaiaed in the lymph. 

There is still considerable discussion regarding the history of the 
amino-acids after absorption. Recent investigations show that they 
are absorbed as such and that tl^y occur in small quantities in the blood. 
It seems probable that they circulate in the blood stream and are selected 
as needed by' the various organs for the synthesis of the particular 
proteins found in these organs. It is believed that some of the amino- 
acids not used in the tissues are deaminised, that is, their NHt groups are 
removed, and the nitrogen is eliminated as urea, while the organic 
compound remaining may be oxidized 3rielding energy. 

The carbohydrates absorbed as dextrose or levulose are collected 
in the liver where they are transformed into glycogen, (CfHioOt)*, a 
substance having the same empirical formula as starch. This trans* 
formation is accomplished by means of enzymes. From time .to time 
glycogen is releasad into the tirculation as dextrose which is carried to 
the muscles and other tissues of the body where it is reconverted to glyco- 
gen and is finally used as a source of energy. In animals glycogen may l)e 
synthesized from the profiiift'; of {)rotein hydrolysis and also from fats, 
especially from the glycerol portion of the fat molecule. 

. Whether, in animals, fats and carbohydrates can be utilized in the 
synthesis of protein is not certain, but plants arc capable of synthesis 
of this type. In aninials the use of fats and carbohydrates effects a 
saving of proteins. Reserve fats are stored in special fat-siurmg organs 
as the fat-bodies {corpora adiposa) of frogs and toads; in connective 
tissues between jthe skin and muscles, or between muscles; or about the 
abdominal viscera along the mesenter^. A small quantity of fat can 
be demonstrated in all the tissue cell? where it occurs in minute globules. 

The utilisation of reserve foods requires the use of enxymes which 
occur in all the tissues of the body. These are proteolytic, amylol3rtic. 
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and lipolytic enzymes, that is, protein-, carbohydrate- and fat-splitting 
enzymes respectively. How food reserves are built up into protoplasm 
is not known but it is supposed that ensymes arc concerned in the process. 

Respiration. — The oxygen requirement of Uving things is met by secur- 
ing uncombined oxygen from the air or from solution in water. In most 
animals* of any size and complc^xity tracheae, gi\h, or lungs (descril)od 
in ("liaptcr VI) serve rr- respiratory organs. These ortrans present a 
surface large enough and of sue}] a eharaetcr that au ample supply of 
oxygen enters the tissues. In anunals not so highly ditTerentiated, or 
in some of those living in situations favorable to the maintenance of a 
moist external surface, the highly vascularized skin itself may function 
as a surface for gaseous exchange. This is particularly true of many 
of the annelid worms in which there are no gills, and of the frog and other 
amphibians in which the skin is an important organ of respiration. 

Respiratory Movements Not Respiration. — ^Any movements of the 
body or of its parts which tend to bring fresh air or fresh oxygen4aden 
water to these external or internal respiratory surfaces may be called . 
retpinUory movements. These movements are ordinarily termed breath- 
ing in terrestrial animals. Respiratory movements also include the 
movements of the mouth and the gill covers of fish by which fresh water 
is circulated over the gills, and the movements of portions <rf the bodies 
of certain small aquatic annelid worms (Tubifex) which raise the posterior 
thii d or half of the body above the mud and wave it about in order to 
bring the skin in contact with more oxygen. Respiratory movements are 
accessory to the act of respiration, hut they do not constitute respiration. 

Mechanism of Oj^gen Collection and Transportation. — In insects 
the circulatory system has little or nothing to do with the transportation 
of oxygen. Air enters the tracheal system through breathing pores 
(spiracles) on the sides of the body and is carried into the ramifications 
of the system by moans of respiratory movements of tlie body. Oxygen 
in the minute tracheal vessels diffuses through the delicate membranes 
into the plasma with which the tissue cells are bathed and thence into 
the tissue cells. In most higher invertebrates and in the vertebrates, 
oxygen is transported by means of the blood contained in the circulatory 
system from the respiratory surfaces to the tissues of the body. Gills 
or lungs present a large surfac-c for gaseous exchange. The internal 
surface of the human lungs has been estimated at more than 100 square 
yu'ds, or many times the area of the body. Coming in intimate contact 
with the delicate membrane of the lungs or gills is the blood which is 
continually making a circuit through the circulatory system, as described 
in Chapter VI. The eiiiciency of the mechanism for oxygen absorption 
depends largely upon the properties of the protein hemoglobin which in 
vertebrates resides in the red blood corpuscles but which in most of 
the invertebrates having red blood is di£Fused throughout the blood 
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pksma. Hemoglobin readily enters into chemical combination with 
oi^gen producing a compound known as oxyhemoglobin. This substance 
carries tho hulk of tho oxygen carried by the blood, a much smaller 
proportion of the oxypeii beinji carricil in solution in tiie phisnia. Under 
normal pressure of oxygen in the atniosplu're (equal to about 152 mm, 
of luercnry) hemoglobin is combined with oxygen practically to satura- 
tion, and under higher jiressures of oxypen no more is taken up. As the 
pressure of oxyj^en is reduced the oxyhemoglobin gives up some of its 
oxygen but the proportion lost is not great until the pressure of tlie 
oxygen is lowered to about 70 mm. Below tins ])rcijsure it gives up its 
oxygen rapidly. Howell (Textbook of Physiology) states: 

"The arterial blood enters the capillaries with its hemoglobin nearly saturated 
with oxygen — about 19 cc. to each lOOcc. of blood. After it leaves thecapillurics 
the venous Mood contaiDS only about 12 volume of oxygen to each 100 cc. of 
blood. In the passage of the capillariesi whieh takes only about one aeoond) 
the blood loses, therefore, about 35 per cent, or more of its oxygen. The physical 
theory of respiration furnishes data to show that this loss is due to a dLssociation 
of the oxyhemoglobin, owing to the fact that in passing through the capillaries 
the liUiod is brought into exchange with a surrounding medium — ^lymph, ceil 
liquid — in which the oxygen pressure is very low." 

* Physical Theory of Rei^ation. — The movement of gases through 
membranes into tissues and liquids of the body or from these into the 
surrounding air or water is explained by the theory of diffusion of gases. 
If two volumes of gas, or two volumes of <jas in solution be separated 
by a permeable membrane molecules of tiie gas pass tlu'ough the mem- 
brane in cither direction. If the tension or pressure of gas on one side 
of the mend>rane is greater than on the other, a greater nund>er of mole- 
cules of gas pass throujzh the membrane toward the place of lower prejssure 
than in the reverse direction. If permitted to do so the passage of mole- 
cules continues until an equal number of molecules is passing through 
the menibraue in either direction; that is, until the pressure is the same 
on both sides. An equilibrium is thus established and the condition is 
the same ^ if no moleculea were passing through the membrane. 

In the air of the lungs or in the water bathing the gills the tension 
of the oscygen is greater than it is in the blood plasma or in the hemo- 
globin of the venous blood in the capillaries on the other side of the 
membrane. It has been estimated that in the lungs of man the tension 
of oxygen in the air of the alveoli is about 100 mm. of mercury and the 
pressure of oxygen in the veins is 37.6 mm. Acc<B^ng to the theory 
diffusion must take place from the place of higher tension to the place 
of lower tension. The blood is in constant circulation and the nearly 
saturated blood is borne away, blood poor in oxygen following in its 
place. The direction of diffusion of oxygen in the lung9 is, therefore, 
always inward toward the venous blood. 
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It k estimated that in man the hemoglobin which reaches the capil- 
laries out in the tissues is nearly saturated with oxygen, while the tissues 
and the lymph in which the cells are bathod aro prat'tirally devoid of 
ox\'gon. Expressed in the usual way the tension of oxygen in the lienu)- 
globin as it arrives in the capillaries is estimated at about 75 to 80 mm. of 
mercury while in th(> tissues the tension of the oxygon is practically zero. 
Henoe the oxygen rapidly diflfuses from tiie blood plasma and the liemo- 
gloliin into the lymph and thence into the tissue cells where it is ust'd jn 
metabolism. The passage of the l)lood throutih the capillaries is esti- 
mated to require al)out one second; yet in this iirief period of time the 
tension of oxygen in the hemoglobin is reduced from about 75 or 80 mm. 
of mercury to about 37.6 mm., a loss in pressure equal or about 50 per 
cent. The blocxi plasma gives up practically all of its oxygen. 

Bztetnal and Intemal Kespiration. — From the above account it may 
be seen that respiration in animals that use a circulating medium for the 
transportation of oxygen to the cells resolves itself into two parts, namely, 
the passage of the ojcygen from the outside medium (air or water) into 
the blood, and the passage of oxygen from the blood into the tissue cells. 
These parts have been designated «zfemai and inJtenwL respiration, 
respectively. Intemal respiration may be compared to respiration in 
Amoeba, Paramecium or Hydra. This is true respiration. External 
respiration is merely an accoasoiy operation, loading oxygen upon the 
transportation system. The oxygen conveyed to the cells is consumed 
in the oxidation of carbohydrates, fats, and proteins, a process which is 
accompanied by the release of energy, and the production of materials 
wlii''H cMiHVf>t be used in the ])ody. 

Excretion. — The materials which result from the oxidation of fats, 
carbohydrates, or proteins, are wastes or (wcretions. TIh'v are largely 
carbon riioxide and water. The oxidation of proteins al.-^o gives rise to 
nitrogen compounds as well as carbon dioxide and water and certain sul- 
phates and phosphat*^. The methods of elimination of these substances 
are described seriatim. 

Carbon Dioxide Elimination. — A very small proportion of the carbon 
dioxide produced by the metabolic activities is discharged, in the mam- 
mals, through the skin in the secretion of the sweat glands; but in the 
frog a hirge proportion (in some species as much as 74 per cent.) of the 
carbon dioxide may be eliminated through the skin. A small quantity 
is eliminated through the kidneys, but in mammals and most other air 
breathing vertebrates the lungs are the most important organs for the 
elimination of carbon dioxide. The relative efficiency of gills and skin 
in aquatic forms with respect to carbon dioxide elimination is apparently 
not well established. The mechanism employed in carbon dioxide ehmi- 
nation from the tissues and through the lungs is al>out the same as that 
of the oxygen intake. The operation of the mechanism depends upon 
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diffusion of gases. The tension of carbon dioxide in the tissue cells is 
greater than in the blood of the capillaries. This tension has been found 
by experiment in man t-o be about 50 to 70 mm. of mercury in the tissues 
and about 35 ram. in the arterial blood. Under these conditions the 
carl>on dioxide diffuses from the celLs into the lymph and from the lymph 
through the capillary walls into the blood stream. Here some of the 
earbon dioxide goes into solution in the plamna, some enters into chemical 
combination with sodium and potassium salts in the plasma and in the 
corpuscles, and some into chemical combination with the hemoglobin. 
The tension of carbon dioxide in the alveolar air of the lungs of man has 
been' determined to be equal to 35 mm. of mercury while that in the ven- 
ous blood is 42.6 mm. As a result of this difference in tension the carbon 
dioxide diffuses through the membrane into the alveoli of the lungs. 
Prom the alveoli it is carried to the exterior with the «dialed air. The 
method of elimination of carbon dioxide from gills does not differ in its 
essential features from the method outlined above. The quantities, 
however, are proportionately smaller. 

Elimination of Water. — Water is eliminated from the lungs, skin and 
kidneys, but the relative importance of these organs varies widely in 
different spcM-ies. In the frog the elimination of wntf^r through tht; skin 
may l)e v<'rv great esperiallv if the frog is in (iry air. Ciidrr such cir- 
cumstances the loss of water from the skin may }>e sufficient to kill th(» 
frog in a few hours. In the dog very little water eliminated through the 
skin, while in other mammals which perspiri> Uie elimination of water 
through the skin may be considerable. In man the quantity of 8weat 
may amount to 2 or 3 liters per day. but the quantity is very variable. 
Sweat is secreted by the sweat glands, of which there are about two mil- 
lions in the human skin. The lungs of man eliminate an appreciable quan- 
tity of water as water vapor but this quantity varies within narrow limits. 
Inthedog, whieheliminates very little water through the skin, the quantity 
of water eliminated by the lungs varies considerably being much greater 
when, because of heat or exertion, the dog pants. The kidnejrs are the 
most important organ for elimination of water. The quantity of water 
eliminated through them in man varies inversely with the quantity elim- 
inated through the skin. 

Nitrogen Bliminatioii. — ^Normal digestion of proteins in the alimentary 
canal gives rise to amino-acidsand some ammonia. Probably the hydroly- 
sis of proteins in the protoplasm yields the same nitrogenous compounds. 
Some of the ammonia is eliminated in the form of ammonium salts and 
some <rf the amino-acids in the free or combined form. The larger 
proportion of each substance, however, is first converted into urea. 
It has been established that urea is not formed in the kidneys, which 
eliminate it, but is formc^d in the liver and perhaps also in the tissues 
whence it is (;arried to the kidneys by the blood. Other souTces of urea 
may be ignored in this account. 
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Rdafiim of tiio Stnietm of tho Kldnty to BimtioiL— IVom the 
preceding account of excretion it may be inferred that the kidney is the 
chief organ for the elimination of soluble wastes from the body. The 
kidney contains a large number of Malpighian eorjnudea (Fig. 113) each 
located at the end of a much coiled wriniferons ttUmle, which discharges 
through a coUecting tubule into the ureier. The MaJpighian corpuscle 
consists of a glomenUuB (a knot of minute blood vessels) surrounded by 
two layers of a very delicate membrane (Bowman's capsule) which is the 
expanded and invi^nated end of the uriniferous tubule. The vessels of 
the glomerulus take their origin in an afferent arterial bloodvessel and dis^ 
charge into an efferent arterial vessel. The uriniferous tubules (Fig. 

113) are composed of more or less cubical or 
pyramidal cells which have a granular proto- 
plasm. Near the Malpighian corpuscle the 
cells of the tubules, in lower vert (Urates at 
least, are ciliated. The tul)ule may vary con- 
sider;il)lv in size in differmt part« of its length. 

In addition to the blood vt•^.■^("ln which form 
tile glomeruli there are very numerous minute 
blood vessels in intimate contact with other 
parts of the uriniferous tubule. It is probable 
that there is no other organ in the body which 
is more richly supplied with blood than this 
organ. It has been estimated that under the 

Fi«. iw.-structure8from ^^^^^^^ of diuTctics (substances which cause 
vertebrate kidney. A, Mai- increased flow of Urine) the amount of blood 

pighian corpu.cio li and (\ ^ ^.j^ J^^J^^ ^ minutC CqUal 

croRs-aections of iirimieroun ^ ^ ... . 

' Mhulea at diffcn nt loveb; o«, the Weight of thoSS OTgaUS. ThiS IS SSld tO bc 

afferent ve««ei; 6c. Bowman « 4^ 19 timcs the average relative blood supply 

capsule; cap, capillary; nZ, . i_ % ^ 

cilia; ev, eflfercnt vew«el; gl, OI othef Ol^^ans of the body. 

glonierutus; ut. urinUeroiui Theories of Urine Elimmation.— There are 
tubule. 

two principal theories as to the action of the 
parts of the kidney in elimination of urine. The earliest and 
simplest one of these theories, that }i reposed by Ludwig, is known as 
the mechanical theory. According to it urine elimination is explained 

by the filtration of water and dissolved substances, as salts, nrea, etc., 
from the blood through the thin membranes of the glomerulus and the 
capsule. The iirine accordinp; to this theory is dilute as it ent<^rs the 
tubules but is modified during its passage through the tul)ule l»y diffu- 
sion. The other theory, developed i>y liowman and lleidenhain, as- 
serts that water and certain salts are eliminated from the l)lo(id through 
the nierid)ranes of tlie glomerulus b\' an act of secretion, and that the 
urea and other organic compounds found in the urine are secreted by 
the cells of the tubules. Many experiments have been performed to test 
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various phases of these two theories, but the results are not entirely in 
harmony, and a complete understanding of the elimination of wastes in 
the kidney awaits the future. 

Secretion. — livery cell profluecs substances which are later used. 
The elaboration of these substanccii in called secretion and the substances 
elaborated are known as secretions. Unicellular organisms use most of 
their secretions within the cell, as is true also of a large number of cells 
of multicellular organisms; but there are cells which on the contrary 
discharge their secretion. A secretion which is di^scharged may perform 
its functions within a cavity of the body or may pass from the body. 
Since excretions also may be discharged from the body, or in plant cells 
may remain within the cell, it is not always easy to distinguish secretions 
from excretions. In general, excretions are of no further value, while 
secretions perform some function for the organism. 

The Process of Secretion. — Secretion occurs within a ceU as a result 
of the chemical activities of the general protoplasm, or perhaps of cer- 
tain specialised structures within it. While the cytoplasm directly 
performs the function of secretion, there is much evidence, some of which 
has been given in Chapter III, that cells which have been deprived 
of their nuclei do not secrete properly. This failurr t » r arry on secretory 
syntheses in the absence of the nucleus has been explained by one inves- 
tigator by the assumption that the nucleus controls the rapid oxidative 
processes of the cell. It is known that the process of secretion re- 
quires considerable energy which is derived from oxidative processes. 
The earliest visible traces of secretions are usually found near the nucleus 
as minute granules or droj)let8 which later move to the periphery of the 
cell or to the region of discharge. Beyond these few facts Uttie is known 
with cortninty regarding the process of secretion. 

Mode of Discharge. — Secretions are discharged from the cell in 
various ways. A common mode is difTusion of liquid secretions through 
the cell membrane. The secretions of tlie pancreas, liver, ajid gastric 
glands, and of some of the ductless glands escape from the cell in this 
way. In some of these glands the secretions are stored within the cell in 
granules which are changed to fluid form shortly before discharge. Some 
secretions, such as oily secretions and mucus which is produced in 
mucous cells in the form of mucin, are not diffusible. Mucin is discharged 
through the open ends of the goblei oeUs, so called because of their shape 
due to the enclosed mucin, or from other scattered cells which produce it. 
In mucus glands the thin c3rtopIasmic border of the cells which are 
inflated with mucin break down, thus permitting the escape of the secre- 
tion. Cells producing oily secretions may break down at their free ends, 
or in some instances the whole oeU may disintegrate at the time of releas- 
ing the secretion. 

In many glands the secretion is discharged from the cells and is 
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rctaintMi in a diiatution of the lumen of the gland until the secretion is 
re(iuire(!. When the gland is stimulated in tlie appropriate manner the 
secretion in jxiured out as a result of contraction of the muscles of the 
gland, lu many oilier glands the seer(>tioiis are retained within the cells 
and are not discharged until the gland is stmuihited. Stinmli whieii 
rouse glands to activity are of various sorts, the chief of them being ner- 
vous and chemical (by means of hormones). The action of a hormono 
has been cited in the acoount of the atimulatioii of the pancreas by secretin. 
This substatkce is produced from a material in the ceUs of the duodenum 
by the action of the acid chyme. The secretin is absorbed by the blood 
and 18 earned to the pancreas where it stimulates the cells to discharge 
their secretions. Control by the nervous system is discussed below* ^ 

Glands of Bstomal Secretioii. — Glands which have no ducts and whose 
secretions must diffuse (or are emptied) into the lymph and blood are 
called glands of inkmtd KcretUm. In this category may be included the 
pituitary, thymus, thyroid, and adrenal glands. Some of the glands 
provided with ducts also pro<luce one or more secretions that are ab- 
sorbed by the blood and so these glands must be regarded as glands of 
intern i] accretion. These are the pancreas, liver, and sexual glands. 
The last mentioned glands maintain the germ cells, but they also produce 
some secretions which are absorbed by the blood and have a most pro- 
found influenee upon physical and mental processes. The functions of 
some of these glands of internal secretion are coming to be known through 
experiments with removal of the glands and with feeding the extracts 
of glands. JSome of their secretions influt-nce l)loo(l pressure; others affect 
muscular contraction and muscular tonus; others control the growth of 
skeletal parts and of tissues, the growth of priniar\' and aceessont-- sexual 
organs and development of secondary sexual characters; and some 
iutlaence nutrition and other metaboHc activities. A study of internal 
secretions figures largely in the training of the medical investigator, 
but a further discussion of them would be too involved for this book. 

Diversity of Glandular Secretioiis. — considerable number of secre- 
tions have already been named and something of their functions pointed 
out, but they form only a beginning of the list that might be given. 
Among the secretions that may not immediately occur to the student as 
belonging to this class of substances are the sebaceous materials which 
make the hair and skin oOy» milk for notuishment of yoimg, wax such as 
beeswax, poisons like those of snakes and certain insects, acids such as 
formic, sulphuric, and hydrochloric, gas as in the swim bladder of fishes 
and the float of the Portuguese man-of-war, the ink-like sepia which is 
thrown out to cover up the escape of the cuttlefish, silk of silkworms and 
other insects and of spiders, the odors of insects by which they attract 

^Reference should here be made to the description of the morphology of gkuMto u 
the pneeding chapter, where many facts rogardiDg function are also given. 
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the members of the opposite sex, and the disagreeftble odors of certain 
insects and mammals by means oi which they repel other animals. Un- 
common instances of glandular activity are the production by glands in 




Fio, 114.^ — £u^efia. A. iiulividunl sliovviup; flacflliim Cft): B, fibrils in flB0ellum. (A 
orii/inal; B after DtUinyer in Jonmal of MorpKt^ogy,) 

certain fish of an electric current sufficient to cause a decided shock, and, 
in other animals, of secretions which by oxidation produce light. 

Muscular Contcactioii. — Protoplasm is contractile, but vigorous con- 
tractions arc possible only when the proto- 
plasm ha« developed witliin it specialized 
contractile structures. I heae are of a 
fibrillar nature. In Protozoa possessing 
structures capable of strong contraction 
these fibrils are known as nnfonemes. 
Myonemr? may be found in the flapcllum 
of such animals as iMiKltma and Pcranonia 
and in the stalk of \'()rLi{*ella, as mentioned 
in Chapter III. The flagellinn of Kuplena 
(Fi^. 114) or Peranema is consi i ucled of 
an extcin.il layer of ( lastic substance en- 
closing a number of myont ines which ex- 
tend from the tip of the flagelluni into the 
cytoplasm of the cell. The myoncmes are 

twisted in the form of a loose spiral. Con- 115 —The etaik of Vor- 

traction of the myonemes or of certain of tioalk. a, arrangement of myo- 

xt. L J XL n 11 rffiL X 11 * neincs within the elastic ■heath; 

them bends the flagellum. The stalk of .t^,, contracted. 
Vorticella is likewise composed of a sheath 

of elastic material enclosing a core made of myonemes (Fig. 115). Con- 
traction of the myonemes causes the stalk to assume the form of a closely 
wound spiral The spiral form is due to the fact that the myonemes 
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occupy tho form of a loose spiral in tlie fhoath and perhaps to other pocii- 
liaridi's in the shape of th<' inyonenies. Rolaxatiou of the myouetu^ 
perniii tlie ehustic stalk to extend to its full length. 

Muscie.^ — In inulticollular animals, while a larpe proportion of the 
cells art' cajiahic of slight contract ion, certain cells arc hif:;hly (hn'cloped 
for purp<J6cs> of contraction. As in the Protozoa, celU of nietazou vvliich 
function for strong contraction have developed within themselves fibrillar 
structurcii capable of great contractility. Q'lls containing such struc- 
turn are muscle cells. Muscle cells rarely occur singly in organs or tissues 
but usually , as plates or bundles. These groups of musde cells are 
called miueles. Two types of muscle cells have been developed. Cells 
of one of these kinds are simple in structure, capable of only relatively 
slow contraction; those of the other kind are complex and are capable of 
rapid contraction. The former are known as smooth muscle cells and the 
latter as striated. 

Smooth muscle is composed of cells each of which is provided with a 

nucleus. The cytoplasm contains well marked longitudinal fibrils. 
These cells (Fig. 116) have the form of slender spindles with unbranched 




Fio. 118. — Smooth muaele cells. 



tips or in certain organs the tips may !)♦' branched. They are capable 
of strong but relatively slow contraction and relaxation. In higher 
animals they occur in orpans in wliich rapid contraction is not reciuired, 
for example in the walls of the digestive tract, urinary l)ladder, gall 
bladder, arteries and veins, and in certain glandis and their ducts. Often 
these cells are arranged in layers which are applied to the organs in differ- 
ent directions, as transversely and lengthwise, respectively, giving rise to 
circular and lotigitudinal muscles. Smooth muscle is under the control 
of lower nervous centers and tB therefore not directly subject to the will. 
For this reason it is sometimes called irwolunUiry muscle. Striated 
muscle, except heart muscle, is under the control of higher nervous 
centers, and since its contraction may be initiated by an act of the will 
it is called voluntary muscle. 

Striated muscle differs from smooth muscle in the character of its 
fibrilbs which arc striated and in respect to the number of nuclei within 
the cell. Striated muscle, except the heart nuiscle of the vertebrates, 
is composed of much elongated parallel cells each (containing numerous 
nuclei which are scattered among the fibrilla>. Striated muscle cells 
originate embryologically from cells each of which has a single nu* 
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cleiis, but after a timo division of the nucleus is not followed by division 
of the cell. As a result the cells become very large and they have many 
nuclei. The iil)rils which are not present in the very younj^ cells finally 
are develo|X*d as the result of secretion. In the adult muscle (Fi^;. 117) 
one may recognize that the sei)ar:it(' cells or fil>ers are surrounded each 
by a dense tough sheath, the sarcolemma. Within the sarcolenuna are a 
large nundjer of fine fibrilUe scattered through the cytoplasm. The 
cytoplasm of muscle cells is usually called sarcoplasm. The fibrillae, 
also called sarcostyles, are composed of bands of material which present 
the appearance of alternate dark and light cross stripes. The structure 
of themreostyles may best.be seen in odb whiefa have been gently torn to 




A B C 



Fig. 117. — flonoral appoaraiioo of striatctl riiusclo. ,1. purt of ii niuacte fibOT of a frog; 
B, part of a fiber tcu-sed out to show rilirillo;; ub, dark bauds; lb, light bands; /, fibriUa; 
n, nudena; «. aaroolemma; C, a saroostyle (fibrilla), diaKrammatie; cR>, dark band; 
hand with a thin hand nf dark mntrrial dividing it into twO poitioiW. {A wAB from 
Parker attd UcuweU'a Textbook of ZoOlogy.) 

pieces with fine needles. Figure 117, C, illustrates the appearance of 
a sarcoetyle. That the dark and light bands indicate (Cerent sub- 
stances has been determined by the use of the polariscope. The signifi- 
cance of these bands is indicated below in the statement of a theory of 
muscular contraction. 

Theoiy of Muscolar Contractioa. — ^There is good reason to believe 
that the sarcostyles are composed of non-living material which is elabo- 
rated and kept in working condition by the sarcoplasm which fills the 
spaces between the sarcostyles. The latter are machines for contraction. 
Under various conditions of contraction the appearance of the dark and 
fight bands of the sarcostyles changes. The dark bands apparently elon- 
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gate somewhat and become thicker, while the Hght bands shorten or 
are covered up by the dark Ixmds. These changes are usually studied 
in stained preparutioiis in which it is difficult to interpret appearances. 
They may also be studied in living muscles composed of but few sarco- 
styles. Such muscles have been Btudied in the legs of some of the smaUcr 
aquatic insects and in certain aquatic mites parasitic in the gills and man- 
tle of freshwater mussels. Hm the changing length and appearance of 
the dark and hght bands can be readily stCidied because of the trans- 
parency of the thin cuticle which covers the muscle and because move- 
ment is slow. . 

When the fibrilhe are viewed by polarised light, it is found that the 

dark stripe of striated muscle is doubly 
refractive and the light stripe sin^h re> 
f ractive. Engelmann, theeminent physio- 
logist) explained muscular contraction by 
saying that upon stimulation the material 
of the dark stripes absorbed the material 
of the lipht stripes and that since the dark 
stripe was long and n inow it tended to 
become spherical when it imbibed material 
from the liirht. stripe. The thickening of 
all the diirk stripes in all the sarcostyles 
of a muscle would account for its in- 
creased girth upon contraction. By the 
imbibition of material from the h^ht 
stripe the dark stripes are brought closer 
together. This accounts for the shortcn- 
Fko. 118.— Eii8eiinann*0 appa- ing of the musde. How can a stimulus 
uZJZ' oHLrTl bring thoe chu«e. «l»utT Engelmann 

i«v«r; m, eatgut: w. coil of platinum aoswered this question by saying that the 

w;^Xr:^J2;njii»«r»f°°* " "ti-"^ » *»«• 

protoplasm surrounding the sarcostyles of 
such a nature that reserve materialB as glycogen are oxidised with re- 
lease of heat and the formation of lactic acid and carbon dioxide. 
The heat, according to Engelmann's theory, causes the dark stripe to 
absorb hquid. As a demonstration he arranged an apparatus in which 
a piece of violin string, which is made from the dried smooth muscles 
of the intestine of the sheep, was substituted for a live muscle. The 
vioUn string contains doubly refractive particles. The sfroig was 
first soaked in water and attached to the writing lever of a kjTnograph. 
About the muscle was placed a coil of platinum wire connected to a 
source of electricity. The water around the violin string: was warmed to 
about 55° to OO^C. and then an electric current was sent through tlie coil 
of wire for a brief time. This heated the coil and the violin string was 
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observed to contract. Upon cooling again it relaxed. The curv'c which 
the lev(?r made on the smoked drum of the k>^llog^aph agreed in all 
essentiab with that made by u fresh smooth muscle. The explanation 
of the contraction of this violin string is that the sudden heating of 
the string caiisnrl by the heated coil of wire caused the doubly refractive 
particles t43 ah&oib more water and to chaIl^'^ their ahupe from linear 
or pri&matic to spherical. A diagram of Exigeli^ann's apparatus is 
shown in Fig. 118. 

While Engelmann's tlieory of muscular contraction may not be cor- 
rect, it at least visualiaes the prooefla, and properly appeals to chemical 
or physical processes for an explanation. 

NeiYoua Control. — There are three means of oontrolling the mass of 
cells of which a metasoftn is composed. These are (1) the tissues which 
bind the organs together and the skin which encloses Ihe whole, (2) hor- 
mones and other substances which act by 'virtue of their chemical 
nature, and (3) the nervous system. The first of these modes is 
lai^ly mechanical, but it is not unimportant for without the meclianical 
effect of the connective and muscular ti.s.saes there could be no unification 
of the various parts into an individual. The second method of unifica- 
tion and control (by means of hormones or other chemical substances) 
has already been illustrated in an earlier part of the chapter. It is 
cxempUfied by the discharge of ])nncreatic secn>tions in response to 
*Rtimalation of the pancreas by secretin. This mode of control is auto- 
matic, that is the various events or circumstances leading to the end 
result stand in the mutual relat ion of links in a chain. Control by hor- 
mones is involuntary, not under control of the will. By this chemical 
means of regulation many of thfe metaV)olic activities of the body are 
wiiolly or partly directed. The nervous system j;hi\s a role in certain 
instances of hormone control; but this system also directs a large number 
of activities with which the organs of internal secretion and their products 
have nothing to do. The nervous ssrstem not only codrdinates the 
activities of many of the internal organs but also controls the reactions 
of the individual to conditions of the environment. Much of this control 
is performed automatically, that is, without involving thought on the 
part of the individual. 

Unit of Structure of Nervous System. — ^The unit of structure of the 
nervous system is the neuron. The neuron is a cell possessing a number 
of fine projeetions which sometimes extend to great lengths. These 
projections are of two kinds distinguished from one another, not by 
structure, but by their normal functioning. Those which normally 
conduct impulses toward the body of the neuron are called dendrites; 
those which convey impulses from the bodj' of the neuron are axons. 
Which direction the impulse travels, and hence which processes are 
dendrites or axons, is determined by the manner in which the given 
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iKHiroii is couuected with other iM*uron«. Figure 119 represents a typical 
ueuron. 

These colls, which are strictly speaking the only constituents of the 
nervous system, are Ijouncl together by connective tissue, and the masses 
thus forintnl are supplied with bluod vessels. 

The fuiictiouri of the nervous system depend largely upon the manner 
in which the neurons are connected into neuronic systems and upon 
the character and positions of the terminations of the the axons and 
dendrites. These systems are of varying degrees of complexity. 

The Refl«z Arc. — A simple reflex arc is composed of one sensory 

neuron and one motor (activator) neuron. 
Such an arc is diagrammatically repre- 
sented in Fig. 120. The example chosen 
involves the spinal cord and a spinal nerve. 
The dendrites of the sensory neuron Ijranch 
out between the cells of the skin. The body 





Fia. 119. — Din^rnini nf II f ypiral Fn;. 120. DiajirHni of ii slinplo roflcx arr involv- 

neuron. ojc, axon; if. dendrite ; ing the spiiml cord. a#, alTcrcnt fiber; dh, dorsal 
medullBiy ahoath; mtt, miuele; n, horn of spinal cord; drot doiMl root gangUon; eff^ 
nodo; rf . Ticrvp r^iuHngs; nu, nuoleiw fffcrrnt fibor: vfe, skiii; mf, zdumIo fiber; xk, ventral 

of cell of medullury sthcath. horn of spinal cord. 

of the neuron lies in a ganghon, and its axon passes into the dorsal horn 

of the gray matter of the spinal cord where its terminal l>ranches come in 
contact with the dendrites of the motor neuron. The body of the motor 
neuron lies in the ventral horn of the gray matter and its axon emerges 
from th(! ventral side of the cord, passes by th(» panulion, and then runs 
for snmo distance in the f*ame bundle (nerve) with the dendrite of tlio 
sensory neuron. The iixoii of the motor neuron terminates in a muscle in 
the example ehoseii. In oilier similar rehex ares it may end in a ghuul. 
Stimulation of the sensory endings in the skin causes an impulse to 
pass aiojig the dendrite and axon of the sensory neuron to the motor cell 
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and thenco out to the imisclo which is btimulated to contract. If the 
axon of the motor or activator neuron ends in a ftland, stimulation of the 
sensory endings causes discharge of the glandular secretions. An action 
caused by an impulae carried over a reflex arc is known us a rejlex 
action. 

It seems to be well established that there is no organic union between 
the axon of the sensory neuron and the dendrites or body of the motor 
neuron, for these parts are simply in contact. The point of contact is 
caUed the synapse* The synapse has been likened to a valve in a water 
pipe, which is so constructed as to permit flow in one direction only. 
If in the reflex arc an electrical or other stimulus be given to the motor 
neuron, the impulse may pass along the motor neuron in both directioQS, 
but that part of the impulse which travels backward, that is, in the 
direction opposite to that in which impulses normally move, can only 
go to the synapse; it is unable to pass over to the sensory neuron. 

Few reflex arcs are as simple as indicated in the diat^n atn. IMore com- 
plicated reflex arcs may involve one or more neurons intercalated l>etween 
the sensory and the motor neuron. In these more complicated reflex 
arcs the axon of the motor neuron may emere:e from tlie spinal cord at 
ft point either ai)ove or below (that is, nearer to or farther from the brain 
than) the ganglion containint;:; the body of the sensory neuron. The sen- 
sory- neuron may also be brought into contact with dendrites of cells whose 
axons ascend the cord and are connected with renters in the brain. Thus 
it is possible that a stimulus applied to the skin may yield a refiex action 
and also ai)peal to the consciousness of the siil)ject. An example of such 
a reflex is the recoil upon touching a hot object. The act is performed 
without volition but the subject is conscious of the stimulus and the 
response. 

Reflex Afitioiis. — ^Reflex actions may involve motion, as in shivering, 
a response to the stimulus of cold, the roughening of the skin so that it 
presents the appearance known as goose-flesh, the enlargement or con- 
traction of the pupil of the eye with changes of light intensity, and with- 
drawal of the hand from any source of sudden pain. Other reflexes are 
the activation or inhibition of glandular secretion. An example is the 
flow of saliva upon irritation of the mouth or throat. The emotions of 
anger and fear inhibit reflexly the discharge of many secretions of the 
digestive glands. Some actions which normally are reflexly controlled may 
also be voluntarily controlled, and many complex actions which at their 
inception were voluntary eventually come to be automatic. Examples of 
such automatic processes are walking, running, dancing, skipping the rope, 
swimming, writing, and running scales at the piano. Here also may 
be included the complicated movements of muscles of the mouth and 
vocal organs during speech. Each of these processes is due to a large 

number of reflex actions, occurring in part simultaneously, in part con- 
11 
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scciitivcly, hut all rolnted to one another. The reflex mechanism is 
sufficiently coinplicatetl to care for two or more complex series of reflex 
actions at the same time. For instance one may swim and talk, or play 
the piano and sing. In some of the^e instances part of the action may be 
voluntary, the remainder involuntary. 

Functions of the Spinal Cord. — The spin id cord acts as a system of re- 
fiex centers which control the activities of Viu ious glands, visceral organs, 
and skeletal muscles. In addition to this function it serves as a pathway 
to and from the brain. In man more than half a million neurons enter 
the cord through the dorsal roots of the spinal nerves. These bring in 
afferent impulseB from the peripheral ending? of sensory cells. By means 

of neurons which lie in the white 
portion of the cord and which end in 
the brain, impulses may be carried 
upward to the brain while a multi- 
tude of other neurons which origin- 
ate in the brain form the pathway 
of impulses from the brain to tiie 
ventral roots of the spinal nerves. 
Id terms of a telephooe system the 
spinal cord may be likened to a series 
of centrals for the handlinp of local 
messages and to a ^rreat trunk line 
which transmits Ion tr disfanro 
messages arising at any point on the 
periphery of the system or at the 
great central station, the brain. 
Unlike the telephone system, how- 
ever, messajjes (impulses) can pass 
Fio. 121.— CeU» of the cortex of the t)nly in a certain direction on the 
G«rebnim of a mt m shown in a Golsi ijj,^^ (neurons). Hence in every re- 
preparation. fl0x fffc there is a neuron for carrying 
in the impulse initiated by the stimulus and another neuron for carrying 
out the impulse from the controlling center to the organ which executes 
the appropriate action. 

FuQCtions of the Cer6tmiiii.--The cortex of the cerebrum, that is, the 
layer of gray substance which covers the organ and dips down into the 
furrows, is the seat of intelligeuoe and of conscious sensations. It is 
the organ of memory associations. In higher animals it controls voluntary 
motions.' In the cerebrum the neurons of one side (right, for instance) 
give rise to axons which cross to the other side (left) as they extend down to 
lower centers, and there terminate around cells whose axons in turn goto 
the muscles (left). Hence the movements of the muscles of one side of 
the body are controlled by neurons located in the opposite side of the 
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oerebnim. This statement is not entirely trae since oertun muscles are 
connected to neurons in both sides of the brain. 

The cells of the cortex are mostly of the type illustrated in Fig. 121. 

Functions of the Cerebdhtm.— Although great progress has been 
made in the study of the cerebellum there still exists much difference of 
opinion regarding its function. Id some manner it regulates the mechan- 
ism of automatic movements. It has the effect of coordinating volun- 
tary movements, especially the complex movements of equilibiimn and 
locomotion. It is not beUeved that the cerebellum is responsible for 
a high degree of conscioasneas, if any. Unlike the relations of the 
ccrebnim to muscles, each half of the cerebellum i.s connected with the 
organs on the same side of the body with itself. The cells of the cere- 
bellum are of several types and the arrnDtrement of fibers is very complex. 

Functions of the Medulla Oblongata. — This portion of the brain 
includes centers which control the activity of the organs of circulation 
and respiration. Tiuuugh the vagus (tenth cranial) nerve it has an in- 
hibitory effect on the heart. It also controls the movements and 
secretions of the alimentary canal. 

Important Nerves Not Discussed. — To name the twelve pairs of 
cranial nerves and state their distribution to the organs of the head and 
trunk would lead beycmd the limits of this book. For these and many 
other facts in regard to the nervous system reference should be made to 
textbooks on anatomy, physiology, and psychology. 

Functions of the Sympathetic oir Aatoaomlc Henrous System. — ^Neu- 
rons from this system supply the smooth muscle of the viscera, the car- 
diac muscles, and the erector muscles of the- hair. Blood vessels and 
glands are also supplied by nerves of this system. Impulses carried by 
its cells originate in the central nervous system in centers lower than 
the cerebral cortex. Tln -^e impulst^s nw. involuntary. 

Sensory Nerve Endings. — The dendrites of the afferent neurons 
originate in the skin and in the tissues of the body, eqiecially in epithe- 
lium, muscle and connective tissues, and in organs of special sense. 
Each neuron when stimulated at its y>eripheral ending conveys an irnpulse 
to the central nervous system where it usunlly gives rise to an impulse that 
finds expression in the contraction c t niuscle or discharge of i\ glandular 
secretion. Besides initiating this reiU x action the stimulus may fnnse an 
impulse to be carried over an appropriate path to a higher nervous center 
where it enters the consciousness of the stibjeet prociucing a sensation of 
some sort. The particular kind ot sensation aroused by the stimulation 
depends not so much upon the character of the stimulus as it does upon 
the kind of sense organ involved and the nature of the central connections. 
The classes of sensations which originate from stimulation of body sur- 
faces and tissues other than the organs of special sense are those of pres- 
sure, warmth, cold, pain, strain sensation from muscle and tendon, and 
various organic sensations. For the mediatbn of each of these sensations 
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there must be appropriate aensory endings and nerve cells. The types 
of endings responsible for the mediation of the difTi iTnt classes of sensa- 
tions cannot be distinguished on the grounds of histological structure 
but only by experiment. Figure 122 illustrates the termination of an 
afferent fiber in Uie skin of tiic salamander. 

QigaiUl of Special Sense. — The sensations of light, sound, taste and 
smell are not perceived through scattered sensory cells but through the 
grouped sensory cells of the organs of special sense, the eyes, ears, taste 
buds and olfactory epith('lium rr^portively. Although the structure 
of these organs is very different the sensitive cells of each may be con- 




Fia. 122. — Temiinntion of ftffcront fibers in the skin of the Balatnundcr, .So/am- 
andra maculota. Ba. achi, baaal layer of skiu; Cor, corium; Hor. Schi, stratum corti- 
eum : Mi. La, middle layer; nerve fiben: x, end of a terminal. (From Schneider afirr 
ReUitu.) 

sidered to l)o modified ectodermal epithelial cells connected in some 
imiiiricr with the contial nervous system. The i»eiisory cells of the ear 
and uf the retina oi the eye and of the taste buds aiv connected with the 
central nervous system imiuiis of nerve cells whose periplicral branches 
are in contact with the bodies of the sensory cells and whase inner branches 
terminate in the central nervous system. The cells of the olfactory 
epithelium, on the contrary, have no intercommunicating cells between 
them and the central nervous system but eac^ cell has a fine process 
which extends from the base of the cell to the central nervous system. 
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REPRODUCTION 



Even the earliest observers of nature, crude though their ideas of 
life were, can hardly have escaped the knowledge that new individuals 
are brought into existence by other individuals of the same kind. Ani- 
mals have been domesticated from time immemorial, and the method of 
producing new individuals among such animals must have been well 
known. Nevertheless early writings reveal a common belief that many 
animals even among the higher groups arose occasionally in some other 
manner. Moreover, there was a host 
of animals of simpler structure and un- 
known habits which were supposed reg- 
ularly to come into existence without 
the intervention of other hving beings. 
This conception of the origin of in- 
dividuals is comprised under the term 
abiogenesis or spontaneous generation. 

Spontaneous Generation. — For 
centuries before the invention of the 
microscope it was commonly believed 
that living things arose spontaneously 
from non-living material or that more 
complex animals might arise in very 
short time from simple animals or from 
the dead bodies of animals or plants. 
The ancient Greeks Iwlieved that 
animals arose from mud at the bottom 
of bodies of water. Similar ideas have 
been current among the people of many 

nations. Directions may be found in certain old books for the artificial 
generation of bees, and even of mice. During the middle ages strange 
ideas were held as to the transmutation of animate objects into complex 
animals. The barnacle Lepas anatifera was then considered to be the 
fruit or leaf of a tree, probably because it was found attached to the 
branches of floating trees or driftwood thrown upon the beach by storms. 
From these barnacles in turn geese were supposed to originate. 

Many erroneous ideas thus arase and were accepted largely because 
they were proposed by men of some authority, and in part because there 

105 




Via. 12.3.— Franresro Redi. l(iJ<V- 
1604. {From Garnnun'a Hiatory of 
Mc'lirinr, W . li. Saundern Co.) 
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were few men fitted by reason of thoir learning; and temperament to 
observe carefully and t-o plan and exccutr critical experiments by which 
the^e ideas might be tested. Authority nth d. FA'cntually, however, 
there arose among men a spirit of inquiry whirh impi lied tlicm to question 
authority and to demand verification by meaiii* ol observation and experi- 
ment. One skeptical inquin>r was the Italian Kedi (Fig. 123). 

Experiments Discrediting Spontaneous Generation. — Previously 
to Iledi's time people accepted apparently without question the idea 
that maggots were generated spontaneously in meat. Redi, as a result 
of his observations on the actions of flies about meat, conceived the idea 
that there might be scnne eoimeeticm between the flks and the maggots. 
To test the new idea he devised some experiments. He put some meat 
in jar and oovefed it with parchment. The meat putrefied but there 
were no maggots. When he substituted a fine gause cover for the parch- 
ment the flies perceived the odor of meat about the dish, but since they 
could not reach the meat they laid their ^^gs on the gause where the 
eggs hatched. By a series of experiments of this sort Redi showed how 
organisms might arise in a variety of situations without appealing to 
the idea of spontaneous generation. 

By the introduction, early in the 17th century, of the microscope as 
a means of study opportunity was given to investigate a whole new 
world of living things whose existence could only have been suspected. 
L<Hnuv(uih()ek (Fip. 6) discovered bacteria and Proto?:oa about 108.3. 
Many invest igators l)elieved that these minute things were the b(j^;iimin^s 
of more complex organisms which were m [Jiocess of originating dc novo. 
These ideas were retained with considerable tenacity for a hundred 
years or more, until experiments were performed which rendered them 
untenable. 

Spallanzani, 1777, objected to the methods employed in making 
the cultures of microurganisms used in support of the theory of spontane- 
ous generation. He filled flasks with culture solutions in which bacteria 
and other low organisms were supposed to originate, boiled the contents 
and hermetically sealed the flasks. These flasks were then subjected 
to conditions thought to be favorable to the formation of new living 
things, but no organisms appeared. When, in response to criticisms of 
his method, Spallansani tapped the glass making a slight fracture in 
order to let in the air, organisms always appeared. No more critical 
experiments seem to have been performed until about 1836 when Sehultse 
perfected a method for admitting air to the culture medium. He drew 
the air through a series of tubes containing acids or strong alkaUes which 
he believed would kill any organisms in the air. Schwann in 1837 and 
others used still other methods of removing possible (Vganisnis from the 
air before allowing it to come in contact with the culture medium. Cot- 
ton wool was used by some to plug up the containers. Pasteur (Fig. 124) 
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in 1861 devised a flask (Fig. 125) with a tube fused in the side. The 
tube was so bent (down, then up, then down) that no particle of dust 
could puss the curve in which a droplet of water was left by condensation 
after boihng. When the flask had been partly filled with putrescible 
material and then sterilized its contents remained without putrefaction. 
Pasteur's experiments were so carefully carried on and were so extensive 
that the idea of spontaneous generation in its old form was generally 
abandoned. Careful experiments by the physicist Tyndall and the 
work of Lord Lister who made application of the results of Pasteur to 
surgery did much by confirming Pasteur's teachings to overthrow the 

idea of spontaneous generation. 

Pasteur's investigations and teach- 
ing resulted in the origin of a whole 
new field of biological investigation, 
' ^"^1^ T namely, bacteriology. The investiga- 

tions of the bacteriologists show 
beyond a doubt that bacteria are not 
now originating de novo in cultures. 
Bacteria originate only from preexist- 





Fio. 124. Fio. 125. 

Fio. 124.— Louis Pustcur, 1822-1K95. (From Garrison's Hixlnry of Mtxlicinr, W. B. 
Sauiulirs Co.) 

Fio. 125. — Flask used by Pa«t«ur in experimentii upon spontanouuM Reneration. The 
open top was t<enled aftei the flawk was filled with a nutrient solution. After hoilinR, water 
vapor condensed and filled the low rurve in the »ide tul)C thus prevenliuK acpeaa of organ- 
isms borne by the air. {After AfacFailand.) 



ing bacteria. If a bacteriologist finds in a culture a bacterium which he 
did not put there he ascribes its presence to contamination through air 
currents or instruments, or to faulty sterilization. The old idea of spon- 
taneous generation is now recognized as untenable, and present-day 
organisms are known to arise only from previously existing organisms 
through some form of reproduction. 

Modem Idea of Spontaneous Generation. — Many biologists believe 
that while living things are not originating under present conditions, life 
at some time in the past originated by a combination of the proper 
elements when conditions were other than at pre.'^ent. This belief is 
sometimes designated as the modern theory of spontaneous generation. 
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Somo invnstigators still hope that a simple living substance may bo syn- 
thosizotl under special conditions of temperature, moisture, and pressiu'e 
by the combination of the elements earl>on, nitrogen, oxygen, hydrotron, 
phosphorus, iron, etc.. usually found in protoplasm. This hoj)r. whu-h 
has not Ik in widely entertained, has so far \)vvn disappointed, .-nid, al- 
though ( ticMuists have been able to synthesize many organic eomj)ounds 
once thought to be incapable of production bv other means than the 
activities of cells, the manufaetare of the complex mixture called pro- 
toplasm is still beyond their reach. 

The modern eoneeption of spontaneous generation differs from the 
ancient view in that it doci> not propose to account for the origin of organ- 
isms of the kind we now know. It therefore has no relation to ideas 
regarding reproduction, and further diaeuBston of it is omitted. 

Reprodoction. — Since no living thing can maintain itself for an un- 
limited period of time the ability of the members of a species to produce 
other individuals is most important from the standpoint of the welfare 
of the species. Living organisms provide for increase of numbers of 
individuals by a variety of reproductive methods which fall into two 
general categories, namely, asexual reproduction and sexual reproduction. 

Asexual or non-sexual reproduction includes all those methods of 
reproduction which require but a single parent for the production of 
offspring and do not involve germ cells. Sexual reproduction as a rule 
involves two parents and the product icm of two kinds of gfiaem cells, the 
eggs and sperms. It is usually brought about by the union of a sperm 
cell with an egg, or less commonly by the development of the egg with- 
out union with a sperm. 

Asexual Reproduction : Budding. — A simple and conmion mode of 
asexual reproduction is that of budding. The bud starts as a protrusion 
of protophism in a small area of the surface of a pi iiiozoan cell or as a' 
localized proliferation of cells in a niulticelluliu- jininial. The pro- 
tuberance grows until it assumes the form and perhaps the size of the 
parent. It usually develops organs similar to those of the parent and 
either becomes independent of, or remains attached to, the parent. 
Budding is a rare reproductive process among the Protozoa but is 
common in certain groups of the metasoa. 

Nearly all sponges bud. Among the Ccdenterata, the common 
Hydra shows the process well and is a good example of an animal whose 
buds separate from the parent. Other budding members of the same 
group are Hydractmia (Fig. 63), Obelia, BougainvUlea (Fig. 61) and 
other Hydroioa, also tiie ooraU, and the Siphonophora (Fig. 64). Some 
of these have been described in Chapter V. These forms all demonstrate 
lateral budding or budding from the side of the parent, and some of them 
produce tree-like colonies by the failure of the buds to separate from the 
parent. Among the worms the most usual form of budding is terminal 
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or end to end; but in one species, SyUia mmota (Fig. 67), lateral budding 
is the rule. The groups of worms in which budding occurs are in general 
the simplerones. Amongthehighersegmented wormsarespeciesin which 
budding is common, and in certain still higher groups budding is a frequent 
methcd of reproduction. Even in the Chordata, usually regarded as 
the most complex group of animals, some of the simpler members 
(ascidians) reproduce in this way. Figure 126 shows a colony of ascid- 
ians produced in this manner. Budding is also common among many 




B 

Fio. 12C. — The colonial ascidian Pyrosonia. A, external view of the entire colony, 
diagnunmatic; B, loofitudinal section of a colony, dlagnunnatio; oir. ap, atrial <i|>ert(ire; 
ea, colonial apertuie; m, mouth of individjial; or. ap, oral aperture of individual; pk, 
pharynx; proc, proooss of test; atoi, stolon from which buds arise; lem, tentacles; ip, test 
procew. {A ftom Melcolf amd HofkinM, ofiitT BiUiBr; B 

kinds of plants. Buds may or may not resem))lc the parents. Obelia, 
Bougainvillea and th(> siphonophores furnish instances in which parent 

and l)tn! may l)e totally unlike. 

Internal Budding. — All of th(> examples of budding: mentioned above 
are in animals which j)r()duee tluMr buds outside of the body, but bads 
may i»e produfeil internally. Thus tlic freshwater sponjit^s jiroduce larp^c 
nunilxTS of minut<» internal buds ealleil (innmuhs. A ^emmule is a 
small group of cells produced by proliferation of somatic cells within 
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the mesogloea (gelatinous material) of the sponge. These cells are 
enclosed within a dense layer of material in which spicules of peculiar 
types may be imbedded. Gemmules are usually produced in abundance 



4 




Fia. 127. — Gemmulc of the fresh wat<>r Rponjce Ephydutia, in schemnlir rroDS-section. 
1, cells; 2. chitinoiiH caw; li. shell with atnphidiHc Hpictilen; 4, fnrnminal aperture. (From 
HfHite and Doftrin.) 

during summer and fall. When the body of the sponge disintegrates 
the gemmules (Fig. 127) are left clinging to the log or stone to which the 
sponge was attached. They may remain here or they may be transported 




FlO. 128. — OriKin of spoiifce by asexual repro- Fio. 129.— Statoblasts of Criatatella 

duction. A, young freshwater Bpotitre recently muctdo. a, surface view; b, side view, 

cmertred from a Kenimule; B, outline sketch of {From Sff/puiV after AUman. ('our- 

the Kctuniule of the same species; fa, foramiual of MacmiUan Co.) 
aperture; on, osculum; up. spicule. The scale 
beaido the figures indicates their sixe. 

< 

considerable distances by water currents or perhaps on the feet or beaks 
of water birds. With the return of favorable conditions the bud en- 
closed within the outer coating of the geriiiniile Ijegins to develop. In 
some manner it removes the plug which closes the aperture of the covering 
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and tho minuU^ spoii^o f inorRps oithor by amrpboid movement or as a 
result of growth. It soon assumes the form and appearance of a minute 
sponge (Fig. 128) which by growth and external budding becomes the 
large sponge as it is found during the summer and fall. The gemmule 
of the sponge is, therefore, not only a medium for 
nmltiplyiug the numlx-r of individuals, but also a 
means of dispersal of the species and a means of 
surviving the vicissitudes of winter. 

The Bryoioa (moss animab) liviiig in freah 
water also produce internal buds which when 
endoeed in a dense protective covering are called 
BtaUMaHs, A statoblast of CritiaUiUa mueedo is 
shown in Fig. 120. In some lakes and ponds 
where there are many Bryozoa statoblasts ave 
produced in such numbers that they float up on 
the shore in quantities sufficient to blacken the 
beach or cloud the water in which they float. 
Statoblasts persist over winter and give rise in the 
spring to new colonies. Since most Bryozoa are 
attached organisms or have only limited loco- 
motor powers the statoblasts serve as a means of 
dispersal. 

Fission. — Fission is a more common reproduc- ^ „ . .. 

' Fio. 130. ~ Stylonychui 

tive nu^thod among Protozoa than budding. mutUua dividing. C, oon- 

Fission diflers from budding in that the bodv of ^rBeta9VMno]9: N.mncn^ 

... ' nucleus; fi, tiiuTfiriucIci. 

the parent is about e(iually divided into two parts {From Hedgwick, a/trr suin. 
which come to re.seml)le the parent after a period ^««'<^<^^«««»»»Co.) 
of growth and regeneration of missing parts. In fission, especially among 
the Protozoa, the parent disappears as an individual and two new in- 
dividuals take its place. The plane of fission may be longitudinal or 
transverse. Transverse fission, that is, division perpen- 
dicular to the long axis, is the more conunon. It is illus- 
trated in Fig. 130 which shows Stylonychia in division. 
Even in forms like Vorticella (Fig. 131), in which fission 
appears to be longitudinal, the division is really trans- 
verse, since the ciliated disk which seems to be the end 
of the cell is morphologically its ventral surface. 

Fission involves the nucleus as wdl as tiie cytoplasm. 
Structures which extend across the plane of fission are 
halved and the missing portion regenerated. Other structiuvs go with 
that portion in which they arc located before fission, and corresponding 
structures arise anew in the other portion. Thus in species with two 
contractile vacuoles, one placed anteriorly, the other posteriorly, one 
vacuole goes to each new individual and a second vacuole arises anew 





PW. 131.— 
VortieelU in divi- 
^n. {From Kent 
after Oreef.) 
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in oach. In Rtylonychia and many other forms the ciliary apparatus 
is ticveloped afruah, ttonictinies before fission is complt'tcd. In forms 
which havo both macro- and niicromiclri, both nuclei elongate and finally 
divide, a liali going to each new individual. After the Separation into 
two individuals regeneration is completed and each individual grows in 
size. In the protozoan parasite Opalina ranarum division of the nucleus 
proceeds until many nuclei, even as many as a hundred or more, arc 
produced, then the cytoplasm divides by successive binary fissions to 
form as many little cells as there were nuclei. Encystment of the small 
Individuals frequently follows these divisions. In Paramecium, when 
well fed, fission occurs once in about 16 to 24 hours. 

As a method of reproduction fission occurs in certain of the worms, 
as the tridad Turbellaria and some species of nemerteans. 

Sponilation. — Many species of Protozoa produce large numbers of 
minute individuals l)y a process of internal or external budding or by 
multiple fission. This process is commonly called tpondation. This 
is one of the methods of reproduction in the Sporosoa, a class of Protozoa 
parasitic in the cells, tissues and cavities of many of the metasoa. Ex- 
amples are the gregarines, coccidians and malarial organisms. The 
grogarine ^lonocystis is rarely absent from the seminal vehicles of the 
earthworm. Other gre^ariiu's occur in the cells and lumen of the intestine 
of insects nnd their allies, the arthropods. Coccidians oec ir in the cells 
and lunr^n of the intestine and oilier organs of arthropods, other inver- 
tebrates, and verteljrates. 

The method of wporulation as it occurs in Coccidium schvbergi is 
illustrat«Ml in Fig. \:V2, IV-VII. This parasite occurs in the intestine 
of Liihubiua Jorjicatus, a centipede. A pari of the life cycle {Il-Vllf 
XIa-XIc and Xlla-XIlc) occurs within the cells of the intestine, part 
of it (Xlld-XIX) free in the intestine of Lithobius and part of it (in 
a resting condition) outside the body of the host. When the oScyst 
{XX) is swallowed by Lithobius the cyst opens and minute 'tporozoUea 
emerge. They enter cells of the intestine (//) where they grow {III, IV) 
and finally by multiple division of the nucleus and fragmentation of 
the cytoplasm (V, VI, VII) a large number of minute motUe indi- 
viduals {VIII, IX, X) are formed. These minute individuals may be 
called mmsotfes. This latter part of the life history (II-VII) is wholly 
asexual and is sporulation, the rest of it has to do with the formation of 
gametes (sexunl individuals). 

Limits of Asexual Reproduction. — Asexual reproduction occurs only 
among the \o\\ vr forms of animal life. It never occurs among vertebrate 
animals, although it does occur among the ascidians which are placed in the 
phylum to wliicii vcrtebrntes are also assigned. It also do<>s not occur in 
the following piiyla of invertebrates: the Nemathclniinthes (round- 
worms), the liotii'era (rotiicrs), Echinodermuta (stariiiibes, sea-urchins, 
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sea-cucumbers, etc.), the MoUusca (cuttlefishes, squids, nautiloids, clams, 
oysters, and snails), and the Arthropuda (lobsters, shrimps, crayfishes, 
insects, and spiders). Even in some of the phyla in which examples of 
asexual reproduction occur there are many spt cies, indeed some entire 
classes and orders, in which aseicual reprodudion Is never found. The 
method is, however, wide spread among animals, and in many species 
(oligochste worms, Hydra and tiie Protosoa) it may occur for many 
generatioos without the intervention of the sexual method. From its 
occurrence principally in the lower animals, and from the comparative 
simplicity of the process, asexual reproduction must be reisarded as the 
primitive method of forming new individuals. 




Fra. Ki prodiK-tion in the protosoan parasite, i'orcMlxum $ekubergi. Stasia 

represented by Il-VII and XIa-XIIc are intrfirellular; IV-VIII represent •ponilation; 
IX-Xin, development of gametes; XIV -XX, development of spores. 

Sexual Reproduction. — Sexual reproduction is a well-nigh universal 
method of reproduction. The method is employed by representatives of 
every phylum of animals and by many of them to the exclusion of the 
asexual method. It is also used by the plants, except the bacteria. It is 
true that sexual processes have not been observed for all known species 
of animals, since there arc hundreds of species whose life histories are still 
unknown. In a great proport ion of these species the inference by analogy 
from well known related species is that they too employ the sexual method 
of reproduction. A phenomenon of such wide-spread (almost universal) 
occurrence must have considerable import. 
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In pjenoral terms the basis of sexual rcpiutiiKtujii is the union of two 
cells to form a single cell, the zygote, which by its subsequent divisions 
produces a new individual if the uniting cells are of inetazoan origin, 
or a new series of individuals if they are of, protozoan origin. Not all 
cells are capable of uniting in this way, and cells which are capable of this 
act are called gametest or, in the metazoa, germ eeUa. Certain gametes are 
relatively large/ contain a considerable amount of nutritive material, and 
are non^motile. Such gametes are named maerogameliM, ova (nrgular, 
<mtm), or egg** Other gametes are minute, often a mere fraction of the 
sixe of the macrogamete of the same species. These are poorly supplied 
with nutritive material, have little cjrtoplasm, and usually are motile; 
they are known as microgameU8f apermaimtoa (singular, epermatotoOn), 
eperms, or sperm cells. The tei*ms macr<^ and microgamctc are usually 
reserved for use in speaking of the gametes of Protozoa. They indicate 
size relations, or they are very general terms, while ovum or egg and 
sperm or spermatozoon are the names used for gametes of metazoan 
nnirruils. The individuals in which epps develop are known as females, 
and those in ^A-hifh sperms df^vrlop as males. 

Sexual Reproduction in Metazoa. — in nietazoa the germ cells, ova and 
sperms, arc the direct descendants of the primordial (first; jrerm cells. 
They retain their power of uniting to initiate the development of a new 
metazoan individual. All other cells have completely lost this power. 
In a sense the germ cells are primitive cells, resembling the Protozoa 
in respect to their potentialities. They are stored in the metazoan 
body where they live at the expense of the somatic cells but without 
taking part in the general body functions. As the time for sexual repro- 
duction draws near the germ cells undergo a certain process of devdop- 
ment or of preparation for the sexual act. This preparatory process, 
known as maturation, is discussed in detail in Chapter X but its essentials 
may be stated here. Maturation of the ovum consists in the main of 
two mitoses by which three or four cells are produced. Of these cells one 
is much larger than the others and its nucleus has one-half the usual 
number of chromosomes. The small cells are called pohr bodies and are 
non-functional. Maturation of the sperm cell does not differ essentially 
from maturation of the ovum, except that the process results regularly 
in the formation of four relatively small cells of about equal size, all of 
which are usually functional. Like the eggs they have half the usual 
number of chromoi?omes. The male eerm colls must then be transformo<l, 
by a striking; change of shap(\, into spermatozoa. A sperm cell and an 
ovum with polar bodies are illustrated in Fig. 133. 

When nuit^n-ed sperms and eggs of the same or closely n^lated species 
are itjuught together, the actively motile sperm.s meet and pcMietrate the 
eggs. Usually but oik; sperm can enter an egg. After the entrance of 
the sperm, cither by a change in the surface of the egg or by some other 
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mechanism, other sperms are excluded. The sperm nucleus and egg 
nucleus arrange themselves aide by side; their chromatin undergoes 
changes in arrangement, assuming the form of a spireme and then of 
chromosomes; a spindle is formed and the aygote divides by mitosis. 
This sequence of events indicates that the egg is induced to divide be- 
cause of some stimulus given to it by the sperm. The nature of fertilisa- 
tion is discussed in the later papos of this chapter. 

Sexual reproduction is concerned with the initiation of 
the long process of development which results in the forma- 
tion of the individual. It is not concerned with the mul- 
tiplication of the cells of the animal body. The processes 
which follow fertilization in metazoa, as well as the late 
history of the germ cells, are treated in Chapter X under 
the general title Embryology. 

Sexual Reprodiietkm hi Protozoa. — In the Rhizopoda 
(Amoeba and others having pseudopodia), so far as sexual 
reproduction 'is known, union between nmilar individuals 




A B 
Fio. 133. — Sperm rell and ovum. ,1. spormaf ozoon of badger; B, fertilised ovum of 
Nereis with two polar hodii-s, (.1 fmm Dufdyrrn arwi Krpner'M Prindjiltt «/ Atdmoi 
HitMogy: B from WU§on'9 The CM. Courtety «/ MaemOkM Co.) 

is the rule. In many of the species where it has been observed it 
apparently occurs only at rare intervals. 

The jNIasti^opiiora (fiagellate Protozoa) produce gametes which may 
be of the same size or of different sizes. If the gametes are of the same 
size they are said to be isogametes. In this case, however, the gametes 
are perhaps alike only in size, since it is conceivable that there are internal 
differences which are not visible. The gametes may both be motile or 
the sinaller only may be motile. In Chmiiim pectcraU the gametes are 
of the same sise. They are produced by the division of any cell of the 
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colony into 8 small crlls of equal size. Two gamotos fuse to form the 
zygote. In this instanco both gametes arc nmch smaller than the vege- 
tative cells. In Heleromita lens (Fig. 134) and in some other sper ies the 
isogametes are of the same size as the vegetative cells. In Pnndorina 
vwrum (Fig. 135) there are gametes of two sizes, and two com])ination8 
are possible: two small gametes, or one small and one large, may fuse 
but not two large ones. 

Eudorina elegans (Fig. 13G) shows well marked ditTcrcntiation into 
niAcro-' aiui microgametes and imion always takes place between a hirgc 
and a small gamete. Union <^ unlike gametes is known as aniaoy- 
amy in contrast to isogamy (union of like gametes). The macrogamete 




Fia. 134. Fill. 135 

Ficj. 134. — Isoganiy iti H<Uromita Ictui. {After Kmt.) 

PlO. 136. — Reproduction in Pandorina morum Bf)r>f. ,4, normnl colony; B, daughter 
oolonies arisinfc by division of mother cella within old colony, X475; C-H, gametM (jf), 
formation of sygospore (<) and its development. (From IFmI <ifier PriniftKeim.) 



of Eudorina is not only large but is well supplied with nutritive material. 
It is unlike the ovum of the metasoa in that it is motile. The micro- 
gamete is small, has Utile stored nutritive material and has motor organs. 
Pleodorina and Volvox have similar n productive methods. The macro- 
gamete of Volvox may be properly called an ovum, since the cell has no 
motor organs (at least in its later stages), and something comparable to 
maturation appears to occur. The microgametes of Eudorina, Pleodo- 
rina, and Volvox are similar in their general features. 

In the Sporozoa differentiation of gamotcs into micro- and macro- 
gametes is well marked. In Coccidunn srhiiJirnji (Fig. 132) the micro- 
gametes are formed by repeated tiivisions of a large eell {X Ilb-XIIfl.) 
The microgametes are minute, possessing little cytoplasm. With their 
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two fiagella they are capable of active motion. The macrogamete {Xle 
and Xni) i& a large cell, rich in protoplasm and non-motile. In fertili- 
sation a microgamete fuses with a macrogamete, giving rise to a zygote 
which secretes a cyst about itself and may now be caUed an odcyst. 
Within the odcyst four resistant spores arise by division of the nucleus 
and cytoplasm and the secretion of resistant coats about the small 
cells. Within each spore the cell divides again to form sporogoitea. 

Id the gregarin< .s, of which Monocystis may be taken as an example, 
fertilization occurs between nearly similar gemotes. Two full grown 
nutritive individuals come together without fertilization and secrete 
a common cyst wall. Within each cell the nucleus and cytoplasm divide 
repeatedly to form a large number of minute cells. The old cell mem- 
branes now break down and the small cells fuse two by two to form 




Fia. 1S6. — Reproduction in Eudorina elegana Ehrenbers. A, adult colony x475: B, 
dauRhtcr colony |»oduoed by dfvwton of one of the cells of aueh m eolony as in ^. x 730; 
C K, dovelopawnt of ^rmatoRoa from » notlier oelU F. spennatoioa. (From Wett n/Ur 

Ooebel.) 

lygotes. These become spores by secreting resistant coats. Within the 
spores the cell divides to form 8 minute sickle-sha[)ed sporosoites. The 
diagram (Fig. 137) shows a scheme of spore formation in gregarines. 

In the examples of protozoan sexual reproduction cited there is 
complete fusion of one gamete with the other, whether the union is 
between like or unlike gametes; but in some protozoan species, for ex- 
ample, in certain Infusoria (Ciliata) which possess a macro- and a micro- 
nucleus, the gametes do not fuse. There is in such cases mereTv an 
exchange of portions of the niieroiuielei ami perhaps of some cytoplasm. 
This union for the excliange of nuclei is called conjugation. The com- 
plete fusion of protozoan cells has sometimes been given another name 
(copulation) which, however, is used in a totally different sense with re- 
spect to the mctazoa, so that it seems wise here to refer to such complete 

12 
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unions simply as fusion. The process of conjugation is here described 

and illustrated as it occurs in Paramecium. 

At the time pf conjugation, Fig. 138,il,two individuals of Paramecium 
come together with their oral surfaces in contact. They are held in this 
position for a time because of the stickiness of the protoplasm on those 
surfaces. While thoy continue to swim about internal changes in the 
micronucleus and niacronuclcus of viu-h individual take place. The 
micronuclous of each Paramecium divides l)y a process of modified or 
primitive mitosis, and then each half divides again. Thus each niicro- 
nucleus gives ri.se to 4 micronuclei (Fig. 138, C). Of these micronuclei, 
three undergo degeneration, and the one remaining in each Paramecium 




Fio. 137. — Scheme of nporc forniutioii in KrcRariuca. A, two individuals united in a 
oommon oyat; B and C, gametes of Mimilar site in proceu of fonuation; D, union of amoe- 
boid gunetea; B and F, formation of spwoaoitea withio the apona. (JFrom Calbint*^ PnUuea. 
Caunmu «/ MaemiBan Co.) 

divides again into two parts, usually of unequal size (Z> and E) , The smaller 
micronucleus of each individual now passes over into the other individual 
(F) while the larger one is retamed. The two pieces, one derived from 
each uidividual, now fuse to make the fusion micronucleus (G). During 
these stages of the process the macronudeus has been undergoing frag- 
mentation and sooner or later its parts degenerate completely. The 
parts, however, may linger for a considerable time and thus render diffi- 
cult the interpretation of subsequent stsges. Soon after the exchange 
of micronuclei the individuals separate and the process of conjugation 
itself is completed. Fusion of the micronuclei, however, initiates a 
series of changes covering a long period. These processes in one of the 
expoonjugants are essentially as follows. The fusion micronucleus divides 
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three times (Fig. 138, H-J), resulting in the fori nation of eight micronuclei. 
Of these, four are segregated and become niauronuclei, three of Hl- re- 
mainder degenerate, and one continues as a mieromicleua which st)on 
divides. The ex-conjuti int which now has four macromiclei and two 
micronuclei then divides (iVi, iV), each new individual receiving one micro- 







Fka. 18B.— Dkutram thowiag aequeooe of nuclear ehanfiM during and following oon- 

juKiilion in Pnmmccium. A~P, surr^ssivo stnK^. The dotted hodiea represent degenerat- 
ing nuclei; mn, marnnmclei; n, micronuclei; n 9 , portion of micronucleua which remains in 
same individual; no', portion of micronucleua which migimtM to the oth%r individual and 
fii.<K>f4 vrith n 9 Dnririi; ntncos A-^ the ooojmating paxanwda remain in oontaot; aft«r 

those atagctt tliey aiv sepurute. 

nucleus and two macronuclei. After a brief growth period the micro- 
nucleus agvin divides and another division of the cell takes place, thus 
leaving each cell with one macro- and one micronucleus. After another 
growth period each cell divides by fission, and at intervals of 16 to 24 
hours thereafter for a considerable period, when again conjugation usually 
occurs. The part this process which corresponds to fertilization is the 
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exchange of microniirlpi aiul ihv formation of a new nucleus from the two 
parts. The rcp('!it4'(l divisions of the cells following conjiipation are to 
be likeood to st'giiu'iitation of the fertih'zed ovum of the nipt;i:^oa. 

In Vorticella and its allies there is a series of nurlear changes some- 
what like that in Panuuecium, but there is complete fusion of a smaller 
with a larger individual. 

Possible Maturation in Protozoa. — In most Protozoa there is no 
process whicli can be considered analogous to the process of maturation 
of the ovum and sperm of the nietazoa. Tlie chromosomes in the 
Protozoa are so small and their number is so great that it is not possible 
to ocmnt th«m to detmiine whether reduction in number has taken place. 
In a few species of Rhisopoda and Sporosoa a portion of the nucleus of 
each individual is known to be cast out into the cytoplasm where it 
degenerates. A number of phenomena once interpreted as reduction 
are now regarded as indicating degeneration. In Paramecium and 
other Infusoria there is a loss of nuclear material, but it has not been 
shown conclusively that there has been a reduction in the number of 
. chromosomes. 

Significance of Fertilization in Protozoa. — Because of the diversity 

of conditions under which sexual reproduction in the Protozoa occurs, 
and the variety of arrangements for its accomplishment, the function 
of fertihzation* in this group has been variously interpreted. T\'Tien it 
occurs regularly and involves specialized K^inietes, it may appear to he of 
fundamental importance; i)ut when it occurs only at rare intervals fer- 
tilization seems unessential. The view has long been held that fertiliza- 
tion in Protozoa, as in nietazoa, results in rejuvenation, or a renewal of 
vigor. This view has been seriously questioned, however, in the li^^lit 
of evidence which on the one hand appears to indicate that sexual 
reproduction in certain Protozoa is not indispensable and on the other 
hand shows that it does not necessarily result in reinvigoration. Further 
discussion of a question so much in doubt would scarcely be profit- 
able here. 

Pttrtilienogenesis. — ^In an earlier part of this chapter the statement 
was made that sexual reproduction involves two parents and the fusion 
of two germ cells. Nevertheless it is not uncommon to find species of 
invertebrates* among which, for considerable periods of time, no males 
can be found. Eggs, however, are produced by the females, and these 
develop into new individuals like the parent, although fertilization does 
not occur, since no males are present. By their origin and maturation 
the cells giving rise to new individuals are ova, hence the method is ob- 

* Tbe term ferHlization is properly used only to designate the iinioii of egg and 
apenn among higher organisms; but to emphsaira the analogy between similar proc> 
eswe in complex and simple animals, it is applied here to the union of gsmeles in the 
Ptotosoa. 
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vioiisly a sexual one. From the fact that only one parent is concerned 
it IS said to be unisexual reproduction, more commonly known a>s pnrtheno- 
gen<:sts. There are many animals which employ parthenogenesis. 
Auioiig these may be meutioned various species of rotitci*s, many small 
Crustacea, and insects of certain orders. Some insects which employ 
parthenogenesis are the well known plant lice or aphids, and many species 
of Hymeoopteraj as ants, bees, and wasps. The method has also been 
observed in a few moths, a few of the Coccidn, and commonly among the 
Thysanoptera (of which Thrips is an example). The life cycles of some 
of these species are remarkable. 

The females of many parthenogenetic species produce, for a number 
of generationsy only females. At intervals, frequently in the fall, males 
are also produced which fertilise the eggs. These sygotes usually differ 
from the unfertilized eggs in being provided with hard shells and in being 
resistant to the rigors of a winter season. The fertilized eggs hatch in 
the spring into parthenogenetic females which repeat the cycle as out- 
lined. Many species of i^hids and of the lower Crustacea have cycles 
of this type. In certain species the bisexual reproductive phase is 
apparently entirely omitted and reproduction is exclusively partheno- 
genetic. Thus the black flower thrips, ArUhothn'ps niycr, the brown 
chrysanthemum aphid, ^facros^phum sanhnrn i , iii;uiy sf)ecies of Cnrcidai 
or scale insects and some Cjuipidie or g;il]-produeinp: inserts ncApr 
produce male^. In some species of Hymcnoptern, as tiie ^mts, bees 
and wa^sps, both males and females are usually produced. Tiie female 
lays both fertilized and unfertilized eggs, in some way controlling fertili- 
zation of the eggs by the release or retention of spermatozoa stored in 
the seminal receptacles. Among bees the males (drones) arc derived 
from unfertiUied eggs, the females (queens and workers) from fertilized 
eggs. 

PaidogtnASis.— Sexual reproduction is usually carried on only by 
the adults, though this is not alwajrs the case, for there are certain species 
whose members have the remarkable power of reproducing sexually while 
they are in the larval state. This reproduction by an inmiature animal 
is called pCBdogenetis, Ftodogenesis may be of two types, parthenoge- 
netic or bisexual. 

Mi<ustor and certain Species of Cecidomyia, flies belonging to the 
family Cecidom3riidffi, may be taken as examples of parthenogenetic 
psedogenesis. Tlie larvie (Fig. 130) produce ova which develop by 
parthenogenesis into larvae before the oviducts arc present. The latter 
generation of larvse escape from the parr^nt by ru{)ture of the body wall. 
Several generations may be produced in this fashion; then the larvse 
pupate and emerge as normal adult males and females. 

Many of the trematodes, parasitic flatworms living in various organs 
of vertebrate animals, have stages considered by many to be larval, which 
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reproduce by means of parthcnogcnetic ova. The liver fluke, Fasciola 
hepaiica, is an excellent example whose life history has been thoroughly 
studied. This life history, illustrated in Fig. 140, is essentially as follows. 
From the fertilised egg produced by the adult emerges a ciliated larva, 
the miraeidium (Fig. 140, a, &), which must live in water. The mira- 
ddium finds a snail of the genus Lymn»a, bores its way into the snail 
and develops into a bag-like individual, tiie gporoqfti. The sporocyst 
(c) produces within its cavity a number of paiihenogenetic ova which 

develop into individuals very different 
from the sporocyst. These are redug. 
The rediflB (d) are provided with a short 
digestive canal, some (^ar-like appendages 
and a birth pore. They emerge from the 
sporocyst but remain within the snaiL 
The redia? produce parthcnogcnetic ova 
wliich may develop into more redise or 
into a tailed form, the cercnria. In the 
event that further generations of redi© 
are produced by partheno- 




genetie means, cercaria? are 
nevertheless finally produced. 
The cercaria {e) is the larval 
form from which by growth 
and certain changes the adult 
liver fluke {g) arises. In this 
species there are thus always 
two or more generations of a 
larval type which produce 
parthenogenetic ova and only 
one generation producing 
fertilised ova. The origin <A 
parthenogenetic ova in the 
redia of another species and 
a much magnified ovum which 
has undei^ne maturation are 
shown in Fig. 141, A and B. 
The polar bodies are plainly indicated and give evidence that these cells 
arc true ova. 

In th(> succeeding instances piedogenesis of the bisexual type occurs. 
The ctenophore liolind hyddtinn wliile still in the larval condition becomes 
sexually mature and its gonads (reproductive organs) produce eggs or 
sperms. Fertilized eggs develop in the usual manner. The larva even- 
tually assumes the adult coiidilion and the gonads, which had degen- 
erated, again attain sexual malurity and produce eggs and sperms. 



A B 

Fio. 110 Ptedogeno-sis in the fly Minstor. .4. 
sagittal Hfciioa (greatly enlarged) through an 
embryo of Miaalor americana, showing four oogonia 
(o6j^) ; B. mother larva of Miri-^tDr w-irh yoiinir pted- 
ogeuetic larvoo. (A from Hegntr'a Uvrm Cell Cycle, 
^ Co^ B from Fol»om tifitr Paifaulaeh0r.) 
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Among vertebrates the famed axoloti, Ambystonia tigrinum or tiger 
salamander, under certain eonditions attains sexual maturity and breeds 
while it is still in the larval form. In some of the Mexican lakes this is 




Fio. 140. — Stages in the life history of the liver fluke, Faaeiola kejtatiea. The scale of 
Milargemont is not the same for the several fiKurcs. a, cfnx with the ciliated larva (mir- 
addium) ; b, miracidiuiii or ciliated larva emerged from egg; e, eporooyst producing redi0 
(r) withiii itself: d, a ndia pfodiuiiig nweaxim; e, oerearia eaiMriBd tnm redia; /, oerearia 
which hm lost its tail aod hM «aoyited; a, adult liver fluke (outline only). (^romLetukart' 
NiUche WaU Chart.) 




A B 

9 

Fio. 141— The origin of parthenofleiwtie ova in thft ndia of Ccreofia JloMHfonm*. 

A, lower end of redia with developing parthenogenetio ova, some in process of maturation; 

B, much magnified parthenogenetic ovum with polar body, ovum and polar body prepar- 
ing to divkle; pb, polar body. (From FauU in Vwiwtmty c/ /ih'noi* BioUioieal 'MMOoraph$.) 

said to be the usual occurrence. In Kansas and Nebraska this method of 
reproduction in A rnhystorna tigrinum has been ()))served but rarely, while 
in many localities it probably does not occur at all. 
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Hermaphroditism. — Most animals possess oitluT male or female 
organs of reproduction but not both. This is the condition in the 
great majority of species of the metazoa. Species which have separ 
rate sexes are said to be duBcious (Uving in two houses) while those 
species whose individuals produce both eggs and six rms are called 
monaeunu (living in one house) . Individuals with both male and female 
organs are known as hermapkrodiies and they exhibit the phenomenon 
called hermaphrodUimn, True hermaphroditism is rare among verte- 
brates but traces of it are found in certain cyclostomes and commonly 
among Amphibia. The invertebrates present many cases of true her- 
maphroditism. Hydra tnridisaima and H. vulgaris are common labora- 
tory examples. Most species of flatworms including the turbellarians, 
ccstodes or tapeworms, and trematodes or flukes, are hermaphroditic. 
A few species of nematodes or roundworms and most snails are also 
hermaphroiiitic. In many species the spermatosoa are produced first 
and later the ova, but in some species this condition is reversed. By 
developing the sexual products at different times cross-ferlilization 
is assured. In the earthworm, eggs and sperms are produced in the same 



no. 142. — ERTthworms. Jhlodrilm Jatidm (Savigny), copulating. {AJUr FooL) 

Individual and at the same time. Cross-fertilization is assured in this 
case by the arrangement of the generative organs and by the method of 
mating. 

Mating in the earthworms may occur under the surface of the soil, 
or in a compost heap as in the case of HelodrUiu fwtidm (the manure 
worm), or above the soil as in LumbrieitB terrettrist the large worm gen- 
erally used for laboratory dissection. In these species the bodies of the 
two worms are closely applied by their ventral surfaces, the heads pointing 
in opposite directions and the thickened band or dii^um of each worm 
approximately opposite 8^;ment8 7 to 12 of the other worm (Fig. 142). 
In this position each worm secretes a sUme tube which encircles its body 
from about segment 8 to segment 33 or even as far back as 39. In some 
instances, at least, the slime tubes of the two worms secnn to be indej>en- 
dent of each other. In the region of the clitellum of each worm thickened 
rin^js of tlie slime tube encircle both worms and bind them closely together. 
The sperms are discliarged from the sjxrrfKiducdl porci^ into the space 
lx)unded by the slime tube and the body of tlie worm. Here the s{)erms 
form into irregular masses or apermatop^tores which are carried backward 
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within the dime tube by the mtiscular contraetioiui ci the body of the 
wonim and finally are picked up by the eeminal receptacles of the other 
member of the pair. Transfer of sperms in the worm is supposed to be a 
reciprocal act but it is not definitely known whether both worms dis- 
charge sperms at the same time, or at different times during one copula* 
tive act, or at different matings. While still bound together by the 
mucous bands the worms may each produce a cocoon which surrounds its 
body. This is accomplished by the hardening of a secretion poured out 
by the gland cells of the clitellum. The eggs are conveyed to the cocoon 
by the slime tubes while the coooons are 
still in position about the clitellum. No 
sperms are present in the cocoon at this 
time. Sperms are discharged from the 
seminal receptacles as the cocoons pass 
their openings on segments 9 and 10, or 
possibly are ronveyed to the cocoons by 
the slime tubes wliilc the cocoon is passing 
forward. Fertilization occurs after the 
deposition of the cocoon. To deposit the 
cocoon the worm creeps backward out of the shme tubes and the cocoon. 
Thus the cocoon is usually left surrounded by a part of the slime tul>e 
( Fig. 143) . As soon as the cocoon passes the head of the worm its elastic 
ends contract and sharply close the openings. Development of the eggs 
occurs within the cocoon. 

Flrom obeervations by Miss Foot on worms In captivity it seems 
that mating may be followed at intervals by the formation of several 
successive coooons. A slime tube (Fig. 144) and cocoon are formed much 
as in wonns that have just mated. The cocoon is formed about the 




Fio. 143. — Slixno tub© of the eorth- 
worni Helodrihl* fKtidu$ with «0«OOB. 
(A/lcr FooL) 




Fro. 144. — 8Um« tube and cocoon in proceos of formation by a single worm. {After Foot 



clitellum and the deposition of the eggs and sperms occurs as described 
above. She found that Helodrilus f(£tidiis when kept singly in captivity 
formed cocoons about every third day after mating, sometimes until as 
many as 10 cocoons liad been formed. At the close of this period the 
clitelhim was much reduced in size and the seminal receptacles nearly 
empty of sperms. 

While in the earthworm and in some other hermaphroditie species 
it seems that an elaborate mechanism insures crosB^ertOisation, in other 
hermaphroditic species no such devices exist and, indeed, self-fertilisation 
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ia well known either as a regular or occasional occurrence. Some plants 
as wheat and beans regularly self-fertilise. Other plants as the violet 
produce some flowers which are regularly cross-fertilised and others which 
can only be sclf-fertiiised. Among parasitic flatworms (the cestodes and 
trematodes) both cross- and self-fertilization have been obscrvcHl. In- 
deed, in some speaea of tapeworms which poraess two sets each of male 
an d fr T!K\lt <)r|:^ans in each proglottis, every conceivable form <^ cross- 
and self-fertilization has been observed. 

Combined Types of Reproduction. — In the forcfjoing pages enongh 
has been stated in rf>p;ir(i to the reproductivo pro('<^sso8 to show that 
many animals repmdiK'c by nioi-e than one general met )>od. In many 
(probably most) life histories which include budding, fission, or .sporula- 
tioa there is always at some time also sexual reproduction. Likewise in 
most animals which cni])loy parthenogenesis there is at times a pcriotl of 
bisexual reproduction as illustrated by the hfe history of many species 
of aphids. In some instances there is no known regularity in the recur- 
rence of the sexual act, and in many cases there is no striking difference 
in the structure of the asexual and sexual individuals. In the type of 
life cycle known as metoifeneaiaf however, there is a regular alternation 
between asexual and sexual reproduction accompanied by definite changes 
in the form of the individusL The Hydrosoa, of which Obelia and 
Bougainvillea are examples, illustrate this kind of life history. In 
Obelia the colony arises from a single polyp by a method of budding 
(asexual). Two types of buds are produced, the hydratUh or nutritive 
polyp, and the bla^etyle wliich together with the enveloping sheath 
forms the gonangium. By budding the blastostyle produces individuals 
of a third type, the medusce, which upon maturity are released to swim 
freely in the water. The medus© which are similar to those of Bougain- 
villea (Fig. 62) fire sexual individuals producing eggs or sperms. Upon 
fertihzation the egg dovelops into a ciUated cnibryo, the planula, which 
soon attaches itself and ilevdops into a polyp from which hv Inulding 
a colony arises. The polyps are incapable, of sexual rr|)ro(iuction and 
the medus® of most species are iucapahle of asi xual reproduction. The 
sexual and asexual forms are unhkc in structure. Metagenesis is rare 
outside the Coelenterata but what appeai-s to be metagenesis has l»ecu 
reported in a few species of marine annehd worms and in some other gi oups. 
In the worms, however, the difference in structure between sexual individ- 
uals and the vegetative individuals is not so great as in the drozoa. 

Artificial PsarHienogenesis. — ^The exact nature of sexual reproduction 
has been a matter of speculation and in recent years a matter of pains- 
taking research. The researches of Loeb and others upon artificial 
stimulation of development of the egg have thrown considerable light 
upon the effect of the sperm upon the egg. Development of the egg 
induced by artificial means is called artificial parthenogeneeiB, 
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Loeb found that if the uofertilued oggp of a sea urchm be placed for 
about t wo hours in sea-water whose osmolio presstire haa been increased 

a definite amount by increasing the proportion of salts to water, and then 
replaced in normal sea water, the eggs segmentand develop into swimming 
Uunm. Other methods were employed for the initiation of development 
of eggs of other animals, as starfish, mollusks and annelids. Some of the 
parthenogonetic agents used arc the fatty acids, saponin, solanin, bile 
salts, the solvents of lipoids (as benzol, toluol, aniylene, chloroform, 
aldehyde, ether, alcohols, etc.), bases, salts, hypertonieity and hypotoni- 
city of solutions, arul rise in temperature. Serum extracts ( i * lis or of 
sperms of unrelated species or even contact with Uving foreign -perms 
as those of the shark, fish or fowl sometimes cauf?e eggs to segment. 
Shaking the eggs of certain marine animals, stroking the eggs of moths, 
and pricking the egg of a frog with a fine needle have also been shown to 
eause development. In most of these instances development does not 
proceed very far, but the problem of fertilisation is in part concerned 
with the mere initiation of development. 

The immediate cause of development of an artifidaUy parthenogenetic 
egg is uncertain. In normal fertilization of an egg by a sperm, it has 
been shown that the rate of oxidation of the egg increases about 400 to 
600 per cent., and there is much to indicate that the agents inducing arti- 
ficial parthenogenesis also increase oxidation. Even if the increase of 
oxidation is not the real cause of devdopment, that cause is almost 
certainly some chemical or physical ph^omenon. It is known in some 
cases that the agents which artificially cause segmentation of the ovum 
alter the colloidal state of the protoplasm. The protoplasm becomes 
stifTer (more viscous), and this change is followed by segmentation. 
Toward the close of each di^-ision the protoplasm becomes more liquid, 
but more viscous again at the ])eginning of the succeeding division. 
iMmiiar changes occur at the time of normal fertilization by a spcnn, 
suggesting that the artificial agents operate in the same way as does 
the sperm. 

Nature of Fertilization. — Hertwig's definition of fertilization as the 
fusion of sperm and egg nuclei is not wholly satisfactory since in artificial 
parthenogenesis there can be no union of two nuclei; nevertheless, the 
egg is fertilised, that is, it is stimulated to develop. Moreover, occasion- 
ally the spenn and egg nuclei do not fuse before the egg segments; 
indeed, these nuclei may retain their identity for many o^ generations 
in the dividing egg. A comparison of the results of the work on artifi- 
cial parthenogenesis with normal fertilisation shows that one effect of 
the sperm is the initiation of development and that this initiation is due 
to the presence and action of substances introduced by the sperm which 
produce certain chemico-physical effects. The sperm nucleus also brings 
in, as pointed out in Chapter XI, material bearing hereditary qualities. 
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Thus it may be assumed that the sperm in ordinary' fnrtilizntion plays 
a dual r61e. It brings in a substance or substances win* fi initiate 
development and in its nucleus it brings chromosomes whicli partici- 
pate in the control of heredity. 
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CHAPTER IX 

THE BRBBDING HABITS OF ANHCALS 

Reproduction in which both sexes are involved is dependent upon the 
uniting of the germ cells, proper conditions for the development of the 
fertilized epg, and conditions suitable for the development of the imma- 
ture animal. The parents do more or less to insure the union of the penn 
cells, to provide proper conditions for the development of the fertillzrti 
6gg, to guard ;iKainst accident to the immature offspring^ and to help it 
over the p<'no(i of its own h- Iplessness. Tiiese ser\'ice8 of the parents 
are habitual, and are known collectively as breeding habits. A consider- 
able amount of (hita on breeding habits has been accumulated by zoolo- 
gists, hut this is widely scattered in the literature and is very fragmentary. 
The habit:s of relatively few forms are known in detail. 

Breeding habits in the animal kingdom are exceedingly varied. 
There are two apparent reasons for this variety. First, different forms 
have different modes of life, and the breeding habits must be suited to the 
manner of living if they are to accompUsh their purpose. Second, the 
increasing complexity attained in the higher forms of life apparently 
necessitates in them a longer period of prenatal development. At least, 
the development before birth or hatching is longer in the complex forms 
than in the simpler ones, and the length, of time required for this develop- 
ment seems to be related to the place of the forms in the animal scale* 
There may be other reasons than these two; but whatever the explanar 
tion of them, the breeding habits of animals exhibit very great diversity. 
The differences in habits are not characters that distingiush large groups, 
as phyla^and classes, from one another; for within these and smaller 
groups there is considerable dissimilarity in breeding habits. Even the 
several species of a single jjenus may enijiloy very different means of 
a.ss!sting the j)r(>cesses of reproduction and development, i^ecause of 
this diversity no attempt will i)e made to describe in detail tlic various 
breeding? habits of animals. The endeavor will rather be to bring order 
out of se(>min}^ chaos, to classify and sinnmarize, and to introduce just 
enough detail to illustrate in concrete maniu r the several types of breed- 
ing behavior. Habits dealnij.i with the union of the perm cells are de- 
scribed first, after which those relating lu the fertihzed eggs and the 
young are discussed. 

Metfioda of Insuring Fertilization. — Since btsezual reproduction is the 
union of protoplasm from two individuals or the union of differentiated 
oelb from the same parent the first essential is that the uniting elements 

1 For the dgaifiesnoe of the temiB phylum, cloas and geoiui. see pi>. 269^264. 
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be brought together. The general act of briuging the germ cells or their 
equivalents together has often been termed copulaiion. Under this 
broad interpretation of the term copulation, the ahnplest method is that 
of some unicellular animals, such as VorticeOa, HeieromUa Jena and many- 
other Protosoa where two individuals meet and their bodies completely 
fuse« A somewhat more complex reproductive method is shown by 
Paramecium in which two individuals meet and interchange portions of 
their micronuclei, the portion received by each being subsequently fused 
with the portion retained within the body. As pointed out in the pre- 
ceding chapter the uniting animals may be apparently similar (Para- 
mecium, Heiermnita lens, and Goniuin), or they may be dissimilar, as in 
Vorticella, Eudorina and VolvoK. The end result is virtually the same, 
whether the individuals are like or unlike in size, or whether there i3' 
complete fusion of the bodies of the individuals or only an interchange of 
nuclear inaterial. The term copulation, however, is not usually applied 
to tbo Protozoa, sineo tliese simple animals do not i)ossess germ cells, as 
distinct from somatic cells. The word copulation is in practice used 
only for the metazoa, in which true germ cells are formed, leaving the 
union of Protozoa for nuclear exchanp:e to be dc^signatcd ])y the term con- 
jugation, or fusion if there is complete uinon of their bodies. Further- 
more, while fii quently used in a. general sense to designate the act of 
bringing the germ cells together, the word copulation is more accurately 
used when restricted to the act of introducing the male elements into 
the body of the female in those forms which have internal fertilisation. 
The act of clasping while the eggs are being fertilized outside of the body 
or while the male is depositing spermatosoa to be Uter secured by the 
female is specifically known as ampUxuB, As will be shown later not all 
animals have copulatoiy habits but when these occur they are known aa 
fufflon, conjugation, amplexus or copulation depending upon the nature 
of the union. 

FtttiUxation in Hermaphroditic Animals. — In metazoa special srxn; 1 
n ils (eggs and sperms) are developed. A relatively small number of 
forms, among them some sponges, Hydra and a few of its relatives, 
worms and snails, are hermaphroditic (Fig. 145) . Among these hermaph- 
roditic forms, as in many sponges, the production of ova usually pn^ 
dominates in some individuals, the production of spermatozoa in others. 
In many hermaphroditic spcuucs the male and fi inale elements are pro- 
duced at different tirnes, a condition known as dichogamy. When, as in 
most tunieates, the herinaj)hro(iitic animals are regularly female at first 
and later male, they are .said to he i/roloyyno-m. Others, like the nioUat<k 
Crepidula, are first male and then female and are said to be prolamiroiis. 
Kegarding hermaphroditism in general it may be said that it is more 
common among tlie invertebrates than among the vertebrates; that it-is 
the normal condition in tunieates and a few fishes; that it is occasional 
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in other fishes and in the amphibians; and that it occurs as an abnormal 
condition in reptiles, birds and mammals. In most of the cases of 
hermaphroditism in the higher animals the individuals do not, however, 
function as both sexes. They may be so abnormal as not to function 
as either sex. Concerning such forms, of course, there can be no discus- 
son of methods of insuring fertilisation. 




Fio. 145. — Genital organs of a hermaphrodit« animal, a cunimon land snail Ptdygyra 
albolabrU (Say). Note that some of the organs are eharaeteristie of a male, others of a 

female. 1. atrium: 2, |H'iii'<; pr('i>uro; 4, vagina; 5, spermathom; 6, va» defcron";: 7, free 
oviduct; 8. utenw; 9, spermatic duct; lU, talon; 11, hermaphroditic duct; 12, hermupiiruditio 

lland: 13, penis vetmekw; 14, allMuiien i^huid. 

Only a few of the hermapliroditic animals, for example some nematode 
worms and the parasite Saeeulina, are self-fertilizing. In self-fertilizing 
forms the eggs are usually fertilized within the body and there is no act 
of copulation. In hermaphrodites that are not self-fertilizing the eggs 
are in some cases fertilizeci within, in other cases outside of the body, 
and various methods of insuring fertilization are to be observed. In 
hermaphroditic hydras the spermatozoa are shed into the water and 
find the ova» still within the body, largely by chance, perhaps assisted 
hy chemical attraction. In the earthwonn, on the contrary, there is an 
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elaborate copulatory process and capsuie-iormatiou, as described in 

the preceding chapter. 

FertiUzation in Dioecious Species. — In many aquatic animals the 

sexual elements or at least the spermatozoa are simply discharged into 

the water ami the germ cells come together by chance. Thus in the 

jellyfishes the spermatozoa are liberated into the water, and may happen 

to meet the eggs, which are retained in the ovary of the female; in the 

starfiifaea and flefrmrchinB both eggs and apermatoaoa are poured into 

the water, where they may or may not chance to come in contact. In 

other animab there is congregation of the sexes at the breeding time and 

the eggs and sperms are liberated in proximity. This congregation 

makes it more likely that the genn cells will meet, but chance still plays 

an important r61e. The giant salamander 

Cryptobranchus is a form that oongr^ates 

with its fellows at the breeding season. In 

certain other salamanders, those of the 

genus Ambystoma, the male deposits the 

spermatozoa in a naked, nearly spherical 

miiss resting on a g;elatinous stalk which is 

attached to a leaf or sonic ofhrr ol)jcct in 

the water. This structure, uiciuding the 

Fig. 146.— Spermatophore of g^alk, is called a spcrmatophorc (Fig. 146). 
Notophthaimiia vtriieacena viridescetu . . 

(R«f.). iheeommon newt of eastern The mass ut sjn miatozoa at its top is .-^ui)- 

North Anaeriea. The Btalk is a sequently nipped off by the female with 
oloar pclfitinoiis Mubstimce; tho , i- » / , ' . , 

apical mass (dotted in the figure) the hps of the Cloaca, and the cggs arc 
a enowy-wMte maae of eeminal fertilized within her body. There is no 

flHia rontaimnc i?pcrmatn70't, Tho , " /« i 

mass of spermatoaoa is taken up copulation nor amplcxus among any of the 
by the cloaca ol the female. {Afttr forms just mentioned. Copulatory habits 

B. w. Snath*) . . ^ , , 

are to be found, however, among some 
forms in which fertilisation does not take place until after the eggs are laid, 
88 well as among those in which the eggs are fertilised within the body of 
the mother. Furthermore, the eggs may or may not be fertilised at the 
time of copulation or amplexus. In the tailless amphibians (the frogs 
and toads) and some fishes the sexes congregate during the breeding sea-, 
son, the male clasps the female, and the seminal fluid is poured over the 
eggs as they are emitted (Fig. 147). Here the fertilisation occurs during 
or just after amplexus. In the crayfishes, however, the spermatozoa 
transferred during copulation are stored in a seminal receptacle in the 
abdomen of the female, from which they arc presumably emitted to fer- 
tilize the egRs as these are laid several months lat(^r. In some of the 
salamanders in which the male deposits spermatophores amplexus also 
occurs. In this respect these species differ from Ambystoma, mentioned 
above, in which th<!rc is no amplexus. Thus, in Notophthalmus viridescens 
the males clasp the females and deposit the spermatophores afterwards, 



Digitized by Google 



THE BREEDING HABITS OF ANIM.iLS 



193 



while in other salamanders the spermatophores are deposited during am- 
plexus. In a very large number of animals there is still further insurance 
of fertilization, for the spermatozoa are transferred directly from the 
male to the female (true copulation), fertilization taking place within the 
body of the female. This method is employed by some parasitic worms, 
snails, fishes, and amphibia, and by all of the insects, reptiles, birds and 
mammals. 

Summary of Methods of Fertilization. — Notwithstanding the con- 
fusion which this array of special devices and practices may seem to ex- 
hibit, four well-defined general types of combination of place and mode 
of fertilization may be recognized as follows: 

1. External fertilization without amplexus. — The eggs and 
sperms are deposited freely in the water to come together by chance. 




Fio. 147. — Amplexus in a species of toad. Bu/o typhonixu (Linnsus). The small in- 
dividual is the male, the larger the female. Fertilisation is external, the eggs and sperms 
l)einR emitted at the same tinje. Various other methods of clasping are represented among 
forms with external fertilization, but this is the common one among the Salieulia. {Photo 
by A.G. Ruthvcn.) 

2. External fertilization with amplexus. — Amplexus may occur 
some time before egg-laying, or the eggs may l3c laid during amplexus. 
In the former case, the eggs are fertilized by spermatozoa stored in the 
seminal receptacle of the female. In the latter case, they are fertihzed 
directly by the male. In either case fertihzation takes place while the 
eggs are being laid. 

3. Internal fertilization without copulation or amplexus. 
The female takes into her body groups of spermatozoa previously de- 
positetl by the male. 

4. Internal fertilization with copulation or amplexus. — The 
spermatozoa are directly transferred from the male to the female (copu- 

13 
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lation) or are deposited by thft male during or ju8t after amplexus. Id 
thti latter case the female secures tliem immediately or after an int4?rva]. 

Do the Methods of Insuring Fertilization Exhibit an Evolutionary 
Series? — Since some of these types of breeding behavior are plainly much 
more specialised than others, one might be tempted to suppose that they 
exhibit some sort of evolutionary sequence. That is, it might be thought 
that the simpler habits would be employed by the more primitive groups 
of animals, while the complicated methods would be adopted by the higher 
forms. Such appears not to be the case, however. Thus, as pointed 
out above, the last of the four types of habit recognised, which involves 
more specialised behavior than any of the others, is employed by some 
parasitic worms, some snails, and the insects, which stand low or inter- 
mediate in the animal series, and by reptiles, birds and mammals which 
belong to the highest phylum. Furthermore, most of the fishes and 
amphibia use the second and third of these methods while some members 
of earli of these groups follow the fourth method. In general, the same 
breeding habits may oerur in animals of widely dillerent groups, and 
animals of the same group often have very different habits. If, there- 
fore, breeding habits are the result of an evolutionary process that process 
has small relation to the evolution of structure. 

It is worthy of note, however, that among aquatic or amphibious 
forms the habit prevails of depositing the sperms and eggs freely in the 
water or in immediate proximity to each other, or depositing the SiH'iius 
so that they can be secured later by the female; while in the groups 
composed mostly of land forms the habit of introducing them into the 
body of the female predominates. The latter method is essential to 
most land forms since air is fatal to the delicate sexual cells, whereas in 
aquatic forms at least the fertilised eggs can endure the water for a pro- 
long^ period. 

Place ef Development — From the description of the methods of 
insuring fertilisation it wiU be seen that the eggs may be fertilised either 
before or after they are laid. That is, fertilization is either internal 
or external. It is now to V)e pointed out that when fertilization is internal 
the eggs may be retained for a long time after fertilization, or they may 
be laid very "^oon thereafter. Wlmte'-er period of time the eggs remain 
in the organs of the female afte r fertiUzation is utilized in development, so 
that the embryo may be far advanced before it is S(?parated from the 
mother, or it may have attained only an early stage of development, or 
d(n'elo[)ment may scarcely have started. Thus, in most of the insects 
and in all of the birds the eggs are laid soon after fertilization. In these 
ca£>es only a few di\nsions of the egg, or of its nucleus, lun e taken place 
at the time of oviposition, or it may not have divided even once. On 
the colli rary, development may proceed until a well formed embryo 
is produced, and then the eggs are laid; this occurs in some of the sala- 
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mandeiB. Much more oommonlyi however, if the egg? undergo any 
development at all within the mother, they remain until a rather late 
larval stage, or until the form of the adult is attained. Some insects, 
some snakes, and the true mammals are of the last-named type. Such 
animals are not said to lay their eggs, since it is well advanced larve 
or embryos that are discharged. 

Source of Nourishment nt the Embryo. — ^Animals that lay their eggs 
are said to l)e oviparous; the eggs may be laid before fertilization, or, if 
after fertilization, while the embryos aro still incapablo of oxi^;tenro out- 
side of the e^;i? membranes. Animals that retain the embryos until with 
projXT caro they are capable of in- 
dependent existence are designated 
viviparous. Of viviparoub species 
there are two general types. In one 
of these, the eggs are large and laden 
with yolk, from which the embryo 
derives its nourishment, just as in 
oviparous animals. The mother 
serves, in such eases, chiefly as a 
nest in which the eggs may develop. 
Viviparous animals in which practi- 
cally the whole nourishment of the 
young 18 fumished by the ^g itself 
are said to be owmviparaua. Some 
reptiles arc ovoviviparous (Fig. 148), 
the embrya<< l)eing held in the oviduct 
of the mother until they are far ad- 
vanced but reeeivim; tl 
the egg. The second type of vivip- 
arous animal is that in which the 
nutrition of the embryo is obtained 
from the mother, whose reproductive 
system is then of the general type rep- 
resented in Fig. 99. The blood ve ssels of the embryo, running through 
the unil)ilical cord and expanding in a highly vascnlar tissue known Jii? the 
placenta^ are brought int^ very close conta* t with the maternal blood 
vessels in the wall of the uterus (Fig. 149). While no blood cells pass 
from the vessels of the mother to those of the embryo, nutritive mate- 
rials and oxygen in solution readily diffuse into the blood of the latter. 
Forms in which the embryo is connected with the maternal uterus by 
a placenta are qx>ken of as truly viviparous. Viviparity is found in 
some insects, as in the plant lice, but it is not likely that the mother 
furnishes any nutrition. The eggs are small, but there is nothing com- 
parable to a placenta. Hydra and jellyfishes exhibit something like 




Fio. 148.— Urinogenital system of a 
lisurd. B, bladder; CZ, cloaca; /C, kidney; 
O, ovarj'; Or, oviduct; Oc\ cloacal opeti- 
food from of oviduct; Ch*, abdoDiinal openins 
of oviducts; R, rectum. The UiardR stb 
o\'iparoU8 or ovuvivipamus. In ovo- 
viviparous forms, thoee iu which the 
young r»a«h au tndepenclent etane before 
birth and are not attached to fho mother, 
the development of the fertilised efgs 
take* plaee in the oviduote. 
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viviparity, since only tho spermatozoa arc shed into the water. The 
sptiruLs find the eggs, largely by chance, while the eggs are still in the 
maternal ovary and penetrate the eggs in that situation, and the ferti- 
MiahX eggs develop there for a time. In these rases the e^gfi are large, 
and presumably contain all the necessary nourishment. 

Intermediate l)etween ovoviviparous and viviparous forms are thos<» in 
which the young develops for a ooosiderable time in the egg and later 
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Fta. 140. — ^Utorttt of mammal and wnUiueA Miibryo. The em b r y o fa attached to 

the uterine wall by an uriihiliral cord in which hlr)od vessels bclonKinK to f ht> onihr>'o extend. 
These vesaela do oot cuuuect with any vessels of the mother, but the capillaries of the two 
a/steaos appraach one another vwy doaely. P, fetal plaeenta; O, openitic of oviduet; 8, 
maternal lAaeenta. {Wnm KinQdetf*a VtrtJmU ZeMogy, Ctmrtetg «/ Henry BtU and Co,) 

becomes attadied to the body of the motiier. Certain sharks (Fig. 150) 
exemplify this intermediate condition. 

Siinmiary of Locos and Nutrition of Bmbiyo. — ^The variations in the 
breeding habits of animals, with respect to the p}ace of development of the 
egg and the source of nutrition of the embryo, may be summariied as 
follows: 

OVTPASnT 

(a) E^;g8 fertilized after being laid. 
(6) Eggs fertilised before being hud. 

VmPARmr 

(a) Eggfi retained until the young are capable of independent exist- 
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enoe as larve or adults, bat not nourished by the mother. O^ovi- 
yiporouB specieB. 




Fio. 160. — Embryo sharks of a viviparous species. MwuUus miutelua (Linasus), 
attached to the wall of tbe utenu, wliieh is here diMSctcd open. The expuided end of 

euch nnihilirnl onrd forms a placenta, as in the mammabt and the yottOC reoeive nourish- 
ment through it from the mother. {Afttr FowUr.) 

(6) Eggs retained and the embryo nouriahed by the mother. True 
viviparous species.' 

JXo Evolutioiiary Sequence. — ^It will be seen from the examples given 
above that just as there is no general evolutionary sequence in the methods 
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of insuring fertilization so there is apparently none in the method of 
bearing the young;. Oviparity and viviparity arc found in tho %'crte- 
hratcs and the invertebrates. Certain conditionB of the roproduction 
itself, however, make one gen<'raliz;ition possihlo. Tf is to ho noted that 
the forms in which the eggs are Ittrt.ihzetl oatsule llie body of t.he mother 
are necessarily oviparous. Also, it is only anionp forms with internal 
fertilization that viviparity, ovo viviparity and the laying: of fi i tiUzedeggs 
can occur. It results that viviparity, ovovivipanly and I lie laying of 
fertilized eggs prevail among land forms, where protection against evapo- 
ration of the eggs is necessary, and that the habit of laying eggs before 
fertUisatiotL is mostly found amcmg the aquatte specks and the am- 
phibious forms which lay their eggs in water. 

Can of Fertilized S^sgs. — Among oviparous species the methods of 
caring for the fertilised eggs are almost endlessly varied in their details. 
There are many animals which give no care whatever to the eggs. This 
is particularly true of aquatie species which pour the eggs and sperms 
freely into the water to come together by chance. The starfishes and 
seap-urchins and mimy other marine animals exhibit this lack of any 
parental care. Other forms merely put the eggs in places where develop- 
ment is facilitated. Thus, toads and certain salamanders which live 
on land in the adult stage l^y the eggs in the water. The aquatic turtles 
come to land to lay the eggs in the warm sand which hastens their develop- 
ment. Tho dip;ger wasps, ichneumon flies and certain other insects de- 
posit their etrqrs in various jilaces nnd provision them with hving or dead 
animal food. ' One group of birds, the "Megapodes, lay the eggs in a pile 
of decaying vegetation, the decomposUion of which liberates heat that 
aids in development (Fip. 151). Again many animals buiki nests. These 
nests may ))e very simple in construction. In the fishes, for exanijile, 
many spcci<'S merely hollow out a small area on the bottom of the 
stream by pulling out the pebbles and heaping ilioui up on the down- 
stream side of the nest. The eggs, when laid, drop into this hollow and 
among the loose stones. Birds build nests of a great variety of forms, 
from the loose collection of grass or straw put on the ground by the kill- 
deer, or the insecure litter of twigs set in the branches of trees by the 
mourning dove, to the elaborate hanging-basket of the orioles. Still 
other forms enclose their eggs in cases, as was pointed out for the earth- 
worm in the preceding chapter, and as is true also of the leeches and some 
insects, snails, and spiders. 

Among the nest building forms the habit of caring for tiie eggs has 
usually lyeen developed, that is, one or both of the parents in many species 
remain with the eggs until they are hatcheil. The habit of remaining with 
the eggs may insure incubation, or the elevation of the temperature to a 
point at which development will proceed. Incubation by the pare?its is 
necessary in most birds, and is an aid in some other animals. Remaining 
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with the eggs does not, however, neccasarily imply incubation. For 
example the common skink is a "cold bloodtni" animal which remains 
with the eggs (Fig. 152). Its temperature is so nearly that of the sur- 
rounding air that the development of the eggs can scarcely be affected by 
the presence of the parent. Some other sinn-ies apparently incubate the 
eggs to a small extent. The jjython, for example, coils about its eggs, 
and as the temperature within its coils is a few degrees above that of the 




Fio. 151. — Nest of the Australian brush turkey, consisting of litter in which the eggs 
are buiicd to lx» hatched by the heat of the decomposing vegetable dM>ris. The ncft is the 
heap of d6bm in the l«»wer half of the phot<iKraph. The nei^ts are commonly alx>ut six feet 
high and ten or twelve feet in diamot«r and eonstnictod for the use of one pair of birds, but 
much larger ones are found which are said to l>e Uf*ed by several brooding pairs. (Photo 
by E. R. Hanborn, loaned by the New York ZoOloffical Society.) 

surrounding atmosphere, development is thereby probably somewhat 
accelerated. The habit of carrying the eggs attached to the body is 
found in several groups, both among nest-building forms and others that 
build no nests. Thus, the female crayfish carries her eggs attached to the 
swimmerets under her abdomen, where she waves them back and forth. 
The movement of the eggs increases aeration, which is {X'rhaps neces.sary. 
Freshwater mussels keep their eggs in the chambers of the gills of the 
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female, where they are furnished oxygen by the water that is constantly 
passing through the gills. In spiders, the silken egg case mentioned 




Fio. 152. — Blup-tailed sklnk, Plrntiodon faacxatui (lAnnmif), with crk.h. This lizard 
buricH its OKKs (the white nia»s in tho iniddle f<ir»«Kr<)und) in dpcn>'inK wood and stays with 
them until hatched. Probahly the inruhation of the eggs is not uMtisted by the presenec of 
the parent. The cur\'ed whit<» streak to tho left of the contor of tho picture ia the tail 
(blue in life) of the parent, and a part of the striped body can be aeon to the right of the 
center. (Photo by A. G. Rulhvtn.) 




Fio. 153. Fio. 154. 

Fio. 153. — Hyla fuhrmanni Peracca. a South American tree-frog which has the habit 
of carrying the eggs on the back. The female carries tho eggs, and tho larv-al (tadpole) 
stage is pa.ssed in the egg, the young emerging from the egg membrane in the adult stage. 
(Photo by A. G. Ruihvrn.) 

Fio. IM. — A marsupial fn>g, Gaatrofheca woniicola Harbour and Noble, from Peru. 
Tho female carries the eggs in a large pouch on the Imrk. Tho opening of the pouch 
and a protruding egg may \k' scon in the lumbar region. (I'hoto hyG. K. Xoftle.) 

above is often carried about by the mother. Ccrtiiin frogs (Fig. 158) and 
insects bear the eggs glued to tho back of one sex or the other. In other 
frogs the eggs are attached to the belly, or the egg masses are wrapped 
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around the hind legn of tho male, are held in the vocal sacs. One frog, 
the marsupial froR (Fig. 154), has a pouch formed of a fold of the skin 
on the hack in which the eggs are carried. This habit is again found in 
the pipe-fish and sea horse (Fig. 155) which carry the ef;ns in a ventral 
pouch. Figg.s thus carried in pouches may perhaps receive oxygen from 
the parent, but little is known on this sul)ject. Either the male or female 
may carry the eggs, but usually only one sex does this in any given species. 

Care of the Young After Birth or Hatching : Birth Stages. — After birth 
in viviparous forms and after hatching in oviparous species the young 
may or may not require protection and assi.stance in gettinji food. This 
is partly dependent upon the stage of development which the offsprmg 
has attained at the time of birth, but not 
entirely so. 

The animal may leave the egg complete in 
all its parts and needing only the growth of the 
body and the maturity of the sex cells to attain 
the climax of its development. Among these 
forms the young may receive little or no parental 
care or they may be fed and cared for for many 
weeks or even months. Among the reptiles, 
for example, the young are left to their own de> 
vices as soon as they hatch or are born. Most 
fishes and invertebrates also throw off all parental 
solicitude after their offspring leave the eggs. 
Most birds, on the contrary, must feed and pro- 
tect their young for a period of days or weeks; 
and mammals care for their offspring for weeks 
or years. How long the young must receive aid 
depends on how far they have developed before 
birth. There are con.-^iderabh' differences in birth 
stages even in the same group. Thus among mammals the marsupials 
(opossums and kangaroos) give birth to young in a very immature state 
and carry them in a pouch (Fig. 156) until they are well formed; mice 
are bom blind, hairless and very helpless; rabbits are bom blind but 
<tovered with hair; and guinea pigs are bom in such an advanced stage 
that th^ are very shortly independent of the mother. Among birds 
are to be distinguished aUridal and preeocidl forms (Fig. 157), the 
former usually, although not always, bora blind and practically without 
feathers, thus requiring longer parental care, the latter covered with 
down and with the eyes open, requiring shorts care. The common 
song birds are all altricial, while domestic fowls, partridges, most wading 
birds, and the various ducks are precocial. 

There are also animals which escape from the egg so early that they 
lack important organs and must undergo extensive changes to attain 




Fio. 155. — Hippo- 
OMnpus. the sea horse, male 
specimen showing brood 
pouch. The male of thia 
specieH of fish carries the 
osgs in the pouch until they 
hatch, br. ajt, branehUd 
aperture; hrd. p, brood 
pouch; df. dorsal fin; op, 
opening of brood poueh; 
peL ft peotoral fin. 
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the adult form. Or they may possess organs which they must lose before 
they become adults. Young animals, leading a separate existence but 
lacking certain organs of the adult, or possessing organs not found in the 
adult are known as lance. The offspring of jellyfishcs emerge from the 




Fia. 15fi. — The black swamp-wallaby. This Is a marsupial, or jM^uched mammal, 
found in Australia. Tnc young ari> Iniru in a \cry immature Htago and arc carrio<i in a 
pourh (marsupium) on tlie ventral side of the mother. For Home time the young is at- 
tarhed to the nipple in the marsupiuni, the nipple forming a hnlli in the hack part of the 
mouth. Kven alter it is weaned and has attainted a ronsiderahle size, the young when 
alarmed socka the pouch for protection (Photo loanni by the Sew York Zodloifical Society.) 

ovary of the mother, where as stated al)ove the eggs are fertilized, as a 
simple ball of cells, almost at the beginning of development. They 
receive no care whatever thereafter. The embryos of sponges escape at 
a stage almost as early as the jellyfishes. Tlie developing embryos of 
starfishes, sea-urchins and their alUcs (Fig. 158) and marine worms aro 
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also capable of free-ewimming existence at a very early stage. In the 
frogs and toads, the tadpole is a larval form (Fig. 159), but it hatches at a 
much later developmental stage than do the larvce of the several pre- 
ceding examples. 

Larval development may be direct or indirect. In direct development 
the larva develops directly toward the sexually mature condition, the 
organs being outlined and developtul one after the other. In indirect 
development, on the contrary, organs belonging only to the immature 



/i 




Fio. 157. — Recently hatched young of the chimney swift, Chatura pelagica (Linnsus) 
(left), and spotted Bandpiper, Actitux niacuiaria (Linnieua) (riKht). These are examples, 
resiKTf ively. of altririal and precocial birds. The chimney swift is blind and naked when 
hatched (altricial); the sandpiper is covered with down and the eyes are functional (pre- 
cocial). 

Stages and for that reason called larval organs are first formed and later 
destroyed. Thus the caterpillars (larval stage) of butterflies are dis- 
tinguished from the adult not only by the alxsence of wings and compound 
eyes but aLso by the presence of anal feet and spinning glands which are 
absent in the adult butterfly; and tadp<jles of toads and frogs (Fig. 
159) arc tlistinguished from the adult frog not only by the absence 
of lungs and legs but uLso by the presence of gills and tail. The trans- 
formation by which the larval organs disapp)ear and the missing organs 
are constructed is known as tuetniunrphosfis. The more numerous the 
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larval organs the more pronounced the metamorphosis beoomes. This 
phenomenon is further described in Chapter X. 

Relation of Biith StafM to Parental Care.— That birth at an early 
stage of development necessitates parental care would seem at first 
contemplation to be obvious. That is not usually true, however, except 
for the a nimft^* of common daily observation. It cannot be said for 

animals as a group that the stage of develop- 
ment at birth detcnnines tlie amount of 
parental care ncn-essary, for many of the 
lower invertebrates with incomplete larva^ and 
many fishes which have very immature young 
give no care to the offspring, while other in- 
vertebrates with feeble young (for example the 
ants) carefully guard and feed them. But it 
is noteworthy that where no care is exercised 
the young bom in early stages are usually 
those of aquatic or ami^bious forms, while 
the young of terrestrial forms are mostly bom 
in relatively advanced stages or receive 
parental care. Furthermore, while many 
SSSrntlS^ ISr^ aquatic forms give some attention to the 
••riy stage of cmbrynrnV de- young, it is among the tCTTestrial forms that 
P^Hmmr"" """""^"^ the greatest development in the habit of 

caring for the offspring is found. It may 
thus he concluded that when aquatic animals, or amphibious forms 
with aquatic young, deposit the eggs or young in suitable habitats they 
have (lone much to facilitate post-<nnbryonic development; but that 
land forms must usually give birth to young in an advanced stage of 




Pio. 168. — F k po- B w iiu ming 

larva of the holothiirian 
Synapta, leading an active in- 




Ite. 159. — TnHpolp nf frojr, illustrntinn n larval form. OrKam arc present which 
lackiug in the udult, uud some organs ate miaaing which the adult 



development, or exerdse parental care in proportion to the helplessness 
of the offspring. 

Ccmduskm. — ^The brief analysis just given shows that the breeding 
habits of animals are very varied, that they bear some relation to the 
mode of life, and that there is no general evolutionary sequence in the 



Digitized by Google 



THE liREEDINO HABITS OF ANIMALS 



205 



different methods of copulation, care of eggs, and care of offspring. The 
habits of dissemiDating the sexual elements freely into the surrounding 
medium, of laying unfertilized eggs, and of neglecting the ofTspring are 

found most commonly ainon^ the aquatic species or species with an aquatic 
larval period; wtiilc the habits of introducing the sperms into the body of 
the female, the la>ang of fertilized eggs, ovoviviparity and viviparity, and 
parental care or the birth of young in advanced stages prevaH in terres- 
trial forms. 

The almost endless variety of brooding habits do'^r-ril^ed in the fore- 
going pages does not, however, entail a eorrepponding diversity in develop- 
ment. The fundamental features of the formation of germ cells and of 
the development of the fertilized egg, described in the following chapter, 
are very similar in all members of any large group of animals. 
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EMBRTOLOGT 

Although knowledge of the habits by which aiiiinals insure the occur- 
rence of reproductive processes and the maintenance of their young 
durinp; critical periods is niiich of it comparatively new, the principal 
Bteps by w liicli the fertihzed fy^cr is transformed into an animal in the form 
of tlie adult have lone: been known. The field of embryology has been 
diligently explored, and knowledge oi embryonic development is corre- 
spondingly definite. 

An embryo, strictly speaking, is an undeveloped animal while still in 
the egg membrane, in tbe case of oviparous or ovoviviparous species, or 
while attached to the maternal uterus, in viviparous animals. One might 
expect, therefore, that embryology would deal only with that part of 
develc^ment taking place after the fertilueation of the egg and prior to 
birth or hatching. In practice, however, embryology is more inclusive. 
It has been pointed out in the preceding chapter that animals may be 
hatched or bom in very immature stages. In some of them certain organs 
characteristic of the adult are not yet present at the time of hatching, or 
the young animal may have organs wldch the adult does not possess. 
Such immature animals are spoken of as larvsB. The transformation of a 
larva into the adult form, a phenomenon known as metamorphoiu, is 
usually included in embryology. 

The germ cells, moreover, undergo a characteristic development 
before they are (•apal)le of union in fertiUzation, and hence before any 
embryo is produced. Thi.s process of development in the germ cells 
is independent of the sp<'cird breeding habits of the animal, and is reck- 
oned as !L part of erubryolojiV. In the term cnd)ryuK)^y, thereiore, is 
comprehended the entire tlevelopment of the germ cells, and of the 
embryo which they produce, up to the time of birtli or hatching, or 
until such later time as the organs of the adult are laid down and any 
temporary larval organs are lost. 

Barly Origin of Oeim Cells. — ^The differentiation of cells into two 
general classes, eomaiic cells which are sterile, and germ cells capable of 
reproduction, has been described in Chapter V. It was shown that 
a difference between sterile and reproductive cells is found in aggregations 
which are otherwise very simple in structure, such as Pleodorina, whereas 
differentiations other than that between somatic and germ cells appear 
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only in more complex aggregations, like Hydra. The occurrcnco of t his 
distinction between reproductive and non-roprodurf ive colls in very sim- 
ple aggregations of cells probably indicates that, in the evolution of 
animal forms, gerni crlls arose at an early time. As if a reimnder of the 
historically early origin of germ cells in tlie evolution of the metazoa, 
the reproductive cells appear at ycry early stages in the development of 
individual animals today. Development has not proceeded very far 
until, in most animals, the germ cells are easily recognizable. Further- 
more, there is evidence to show ihui certain cells may actually be des- 
tined to become germ ceils from a time much earlier than their visible 
differentiation. How early their fate is sealed is known in the case of 
only very few animals; but it is not improbable that in most species germ 
cells exist as definite germ cells^ although not recognisable, almost from 
the earliest stages of embryonic development. 

Origin of Omi Cells in the Lmrtetemtes.— The early origin of germ 
cells in the embryo has been demonstrated in Ssgitta, the arrow-worm. 




Ftu, — DiaKram UltMtntiiin; the early recognition of the genn oellfl of the arrow- 
worm Sagitta. At each of the early divinionN the X-body (r) passes to only one rell; hii«! 
that cell gives rise eventually to all the definitive germ cells. {From original diaspram by 
P. O. Okkdbtrg.) 

In the egg of this animal a structure in tlie cytoplasm known as the x- 
body, is present while the egg is .^uU unst gmented (Fig. 160). When the 
egg divides, the x-])ody pass(\s to only one of the cells. At the second 
division it again passes undivided to one of the cells, the other three 
lacking such a structure. In each of the next four divisions its behavior 
is the same, so that of the 64 cells present at the end of that time only one 
contains the x-body. In the seventh division, however, this body divides 
and passes to the two daughter oeOs. From these two cells, out of a total 
oi 128, coum the germ cells of the worm that is to develop from the em- 
bryo. The question whether the x-body causes the cells that contain it 
to become germ cells need not be debated; but that it distinguishes them 
as germ ceUs is certain. 

In AwarU megaloeephalaf a roundworm parasitic in the intestine of 
the horse, the germ cells are early recognisable from the behavior of their 
chromosomes in cell division. When the first two cells derived from the 
fertilized egg divide to form four cells, the chromosomes of one cell re- 
main intact, while in the other the thickened ends of the chromosomes 
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are separated off and cast out into the cytoplasm (Fig. 161), leaving only 
the middle portion of the chromoBomes to participate in mitosis. All of 
the germ ceUs of the future worm are derived from that one of the first 
two cells which retains all of its chromatin. Not all of the cells, however, 
which descend from that cell are germ cells, for at each of the next four 
or five mitoses some of the oeDs repeat the fragmentation of their chrome- 




Pio. 161. — Early cleava«e of the crk of Aiicarifl, showing the oriidn of the gertn cells, 
^t. fw(>-rell sta^o. with the cells prt-purinu for anodicr divisinn: the rhroniosoniea of one cell 
remain intact, thoae in the other cell become froftmoated; B, the same cells later, showing 
the encb of tlie chromosomM in the lower cell being eliminated into the ejrtoplaflin: C, 
the four rolls rcsiiltiiiK from the i)rccodini; f!i\isi(>n: the lower cells confuin masses of elim- 
inated chromatin, and their nuclei are smaillcr; D, division of the preceding four cells, show- 
ing « repetition of the fragmentatioB of the chromosomes in one of the upi>cr cells; «. 
stem oeil, (rem which germ cells arc derived: c, chromatin ^**n*nft*^ into Uie cytoplasni. 
(From WiUon, a/Ur boteri. Courtesy of MactnUlan Co.) 

somes aru! thereby give rise to somatic cells. After about the sixth 
division the elimination of chromatin ceases, and t he cells that have kept 
their entire chromosomes produce only germ cells. 

In insects also it ha.s been found that the ^crni cells are recognizable 
at an early stage in cleavage, cit her by tlieir size or l)y certain pruiiulea 
or bodies that they contain (Fig. 162). When these cells are destroyed 
the embryo may go on and develop, but contains no reproductive cells. 
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Origin of Germ Cells in the Vertebrates. — In the vertebrate (back- 
boned) animals it has not been possible to discover the reproductive cells 
in the early divittons of the egg. In some cases, however, it seems clear 
that the germ oeUs are definitely set aside long before the reproductive 
organs appear. Thus, in a few vertebrates, the germ cells are found in 
the early embryo, lodged among the cells of the lining of the digestive 
tract. From this location they migrate into the outer layers of the diges- 
tive tube, through the mesentery suspending the digestive system from 
the back, and outward to the place where the reproductive organs subse- 
quently appear. In Fig. 163, which is 
purely diagrammatic, the germ cells are 
represented as scattered along this path 
(rf migration. 

Maturation. — After the germ cells 
are set aside, they remain for a long time 
in a relatively undifforontiatod condition. 
They are distinguishable as gorm cells, 
but thoy show no signs of the chancres 
which specially prepare them to take 
part in fertilization anil the formation Of 
new individuals. Often it cannot even 
l)e stated whether they will becotne eggs 
or spermatozoa, that is, whether the 
animal in which they are contained will 
be a female or a male; yet in most 
animals, despite their lack of recognition 
marks, they are irrevocably destined to 
become the one or the other. During 
this time they divide frequently by ordi- 
nary processes of mitosis^ thereby mul« 
tiplying in number. In this apparently Fio. ib2.— Development of the 
un8peciali.cd condition the reproductive S^irdTaji ^Sl.Wi'iS 
cells are called, in a male animal, sperma- ponphory and the Kcrm cells ioc) at 
tngonia (singular vermafotonium). js> Z^Tm:^,^"" ""^ 
fenuile, odgpnia. 

Both spermatogonia and oogonia undergo thereafter a series of strik- 
ing clianges comprehended under the term maturniinn. The maturation 

of p;(Tm cells in the mah^ is called spcrtndtfxicrK'sis, in the female oo(}e7i^.sts. 
In brief, maturation consists of two rapidly succeeding cell divisions, in 
at least one of which the behavior of the chroinosonies is unlike that which 
occurs in any other cell divisions anywhere in the body. In these divisions 
there are many variations in detail in difYerent species, but the fundamen- 
tal features of the process are the same for nearly all of t he higher animals. 
The account that follows appUes to a large number of animals reproduc- 
ing by the bi-sexual method. 
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SpermatogMiMit.-- This name is givea to ths auHutalion of the male 
germ celb. As soon as the spermatogonia reach the end of their multi-* 

plication period, that is, as soon as they have divided by ordinary mitofliB 
for the last time, andueready to initiate the changes included in matura^ 

^on, tlie cells are known as pnnuiry spermatocytes. The history of these 
cells in their further development is illustrated in Fig. 164, to which eon- 

Btant reference should be made thmnjihout the following account. 

During all of thnir history up to this time, the germ cells cont^iin the 
snme numlx r » >f ciimmosomes as any oth(>r qqWh of f ho body. That num- 
ber, barring diifcrences in the sexes, is constant for the species. I^ow, 




FiQ. 163. — Orion of the aerm oeHin of a vertebrate animal. DiaKram of a crom aectiun 
of the body of the embiyo. vhowins the g»na oells oricinating in the cndodenu of the iiiUw- 
tine and niiffratitiK as shown hy the aiTOWS to th« lat«r ponltion of the r^prodtictive bodies. 
c, oobIoiii: in, I'tulorlcrin of intestine; gc. genii ocfls; i, . iz iniinal opitlu-liuni whirli Inter 
covers the gotuuU and from whicli the Berm cells issue; t, iuiestine; m, myotome, or muscle 
Mgmeiit: ms» mesentery; nc, neutal eieet, from wbleb oervee rad sudw devebqi; mi, 
noiodiord. foteruniier of the beokbone; «. epinel oord. 

in an animal di>aeended from two parents, these chromosomes, with cer- 
tain exceptions that may for the present be ignored, come in equal num- 
bers from the father and the mother. Half of t he chromosomes in any cell, 
whether somatic or immature germ cell, may therefore be de8^5nated 
patCTal, the other half maternal. These chromosomes may look pre- 
cisely aUke, and may in fact be escactly ahke; the terms paternal and 
maternal refer only to their source, not to their nature. 

In the early stages of maturation, the spermatocytes grow oonsiderably 
in volume. In these stages also the chromosomes come together in pairs. 
Each pair is composed of one paternal and one maternal chromosome. 
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Furthennore, the pBiriiig is not a purely fortuitous occuirence, for each 
pateznaMfomosome meets with a particular maternal chromoBome. As 
a result of thiauaioa of the chromosomes there are of course half as many 
pairs as there' were chnunosomes before. 

Tetrads. — ^The paiis of chromosomes often do not appear as double 
bodies; for while the duQmosomeahave been coming together they may 




Spermatozoa. 



'ii Polar Body, 
'Secondary 

OUctfte. // 
Dtpds. . ' 

^Mature Egg* 



FertiUzed Eqq, 



First Cka^a^, 



no. 164. — Maturfttion of the germ celU, diaKrammatirally represented for both 
The black chrooMMomM may be eMttmed to be of paternal oiigiD, the white ones 
maternal. 

« 

also have divided. Elach pair thus consists of four half-chromosomes; 

and the quadruplo body formed is called a tetrad. Owing to its origin, two 
of the parts of each tetrad arc maternal, the other two paternal. In the 
two maturation chvisions the tetrads are divided, in two planes, iirst into 
double bodies railed dyo'^ls. nv\t into their single components. 

First Maturation Division.^ — A spindle is formed, on which the tetrads 
take their place. How the tetrads are divided depends on the way they 
are placed on the spindle. In part, tliis position appears to be fixed and 
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always the same in thr same species. In the illustration (Fig. 164), 
they are represented as having been so placed that the maternal half 
of the tetrad is separated from the paternal half. It is a matter of chance, 
howevor, whother the piitcrnal hnlf is turned toward one end of tho spin- 
dle or towartl the other. It may happen, therefore, that all of the piv- 
ternal dyads <sn into one cell and all of the maternal dyad.s into the other, 
or, as in the tij^ure, part into one cell and part into thr other. The cells 
produced l)y this division are called secondary aperniatonjtes. 

It is worthy of note that in the division just dc^scrilx^d, no chroniosorneii 
have divided. The tetrada have divided, but merely hy the st paration 
of the two chromosomes which had previously come together. Such a 
division is called a reduction division; it never occurs in cell divisions 
except in maturation, and in only one of the maturation divisions. 

Second Bfatutatioii Diviston. — ^The secondary spermatocytes divide 
very shortly b}- a mitosis in which the dyads are separated into two com- 
ponents. The resulting cells are caHed spermatids. A given spermatid 
may contain only paternal chromosomes, or only maternal, or both 
paternal and maternal in any proportion. The number of these chromo- 
somes is only half that of the original spermatogonium. 

By a transformation in shape, the spermatid becomes a mature sper- 
nuUotolfn. This cell consists usually of a head, which may be rounded 
or long and slender, and a whip-like tail. The chromosomes are all con- 
tained in the bead, the tail being merely a motile organ. 

Oogenesis — The maturation of the female germ cells is in most re- 
spcH'ts similar to that of the male. The early germ cells undergo a period 
of multiplication in which they divide hy ordinary mitosis. During this 
time they are ealled odgonta (sinjfular, oogonium)- Eventually this ordi- 
nary division ceases, and the cells are ready to initiate tlie maturation 
process. At this time they arc known as primary oocytes. These 
oix ytes grow rapidly to many times their original volume, the growth 
being nuich greater than in the male. 

Tetrads. — During growth the chromosomes meet in pairs, each pair, 
as in the male, being composed of one maternal and one paternal chromo- 
some. Elach chromosome divides as they come together, so that each 
pair presents a quadruple body, the tetrad. These tetrads are divided 
in the two maturation divisions, first into dyads, ne?ct into their single 
components, in a manner strictly comparable to the divisions in the male. 

First Katuxmtion IMvision. — ^When a spindle is formed for the first 
division, it appears, not in the center, but near the surface; and it is 
placed approximately perpendicular to the surface. The tetrads take 
their place on tUTs spindle. If the animal is one in which, as illustrated 
in Fig. 164, the fu^t division is the reduction division, the tetrads are 
placed so that the paternal half is toward one end of the spindle, the 
maternal half toward the other. The resulting ceils therefore contain 
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dy%d8 each of which k either whoUy paternal or wholly maternal, although 
of the dyads in a gtven cell some may be paternal, some matemal. The 
two cells are of very unequal size, however. One oontains nearly all of 
the protoplasm of the primary o6cyte| the other very little indeed. The 
disparity between them is much greater than the figure indicates. The 
larger cell is named the secondary oocyte. TIh-^ Bnialler cell is never func- 
tional, and is called theirs/ polar body; it eventually dogenerates. 

Second Maturation Division. — In most animals only the secondary 
oocyte undcrgocf? further division. Occasionally the first polar body also 
divides, and to coniplotc the comparison with maturation in tho male this 
occa.sional division is rt^prcsented in Fig, but tiie resuiUug two 
polar bodies are not function;il. 

The division of the secondary oocyte involves the separation of the 
dyads into their halves. The division of the cytoplasm is again very 
unequal, ao that one small cell, the second polar body, and one large cell 
are produced. Were it neceasary for the large cell to undergo a ( lutii^^e 
of shape, it would doubtlesis be called an ootid; but its maturation is 
. . finished when the second division is completed, and it is therefore called 
a nuUiire egg. 

Coonparison of Matuntionin Mate and Famate. — Comparison of the 
maturation of spennatosoa with that of eggs reveals that with respect to 
the chromosomes the twa processes are paralleL The chromosomes unite 
in pairs and at the same time divide so as to produce tetrads. Two 
rapidly succeeding divisions divide the tetrads into dyads and the latter 
Into single chromosomes. 

The final cells contain half as many chromosomes as did the germ 
cells before maturation. These chromosomes may be either paternal, 
or maternal, or paternal and maternal mixed in any proportion. 

The striking feature in which the maturation processes differ in the 
two sexes concerns the cytoplasm. In the female ihe divisions are very 
unequal, so that from each gerrn eel! before maturation there are produced, 
not four functional cells a.s in the male, but only one functional cell and 
two or three degenerate ones. 

The Eggs. — When fully formed the germ cells are of various forms in 
different animals. The eggs are typically spherical or nearly so. Often, 
however, one diameter is nuich greater than the others, forming an ellip- 
soid. In addition to being elongated, the egg may be curved, as in many 
insects. Or the widest point may be nearer one end of the egg than the 
Other, as in other insecta. The egg is usually polarized, one side being 
the animal pole, the opposite one the vegeiaHve pole. The effect of this 
polarity is referred to b^ow in the account of cleavage. 

The size of an egg is closely correlated with the amount of yolk (stored 
food material) it containa. The eggs of sea-urchins and their allies, of 
the marine worms, the mammals and others are usually smaU. Among 
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the oviparous and ovoviviparous vertebrates (reptiles, birds), on the con- 
trary, the eggs are very large. The yolk material is also very differently 
distributed in the eggs of different species. With respect to the distri- 
bution of yolk there arc recognized three classes of eggs which arc of 
course connected by all gradations. They are as follows: 

1. Honwlecithal eggs are those in which the yolk is nearly uniformly 
scattered through the c>'topla8m. Usually the amount of yolk is not 
very great. The echinoderms (sea-urchins, starfishes), marine worms 
and mammals produce eggs of this kind (Fig. 165). 

2. In telolecithal eggs the yolk is massed toward one side, the vegeta- 
tive pole, leaving the bulk of protoplasm at the opposite side, the animal 




Fio. 165. — Homolecithal egg of the saiulworni Nereis, c, rytoplasm ; /, fat dropleta; 
m, OKK niemhrano; n. iiupIous; nl, nucleolua; i/, yolk sphere.'*. (After Wilson, courtesy of 
MacmxlUin Co.) 

pole. The yolk is abundant in such cases. The eggs of fishes, reptiles, 
and birds are strongly telolecithal, while those of the frog arc mildly so 
(Fig. 166). 

3. Centrolecithal eggs have the yolk occupying the central portion, 
while the greater part of the cytoplasm is in a layer at the periphery. 
There is usually also an island of cyt-oplasm in the middle of the yolk 
mass, in which the nucleus of the cell is located. Insect eggs are regularly 
of this type (Fig. 167). 

Eggs are very often enclosed in a membrane or shell, particularly 
among species that lay their eggs on land where evaporation must be 
largely prevented. These envelopes may be of a chitinous nature, as 
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among insects, or composed of keratin which resembles chitin, or they 
may be impregnated with calcium salts. The shell of the egg of the 
domestic fowl is composed of three layers. The inner layer is composed 
of calcareous partides with conical faces pointing inward. These 
particles do not fit closely, and air may pass between them. Outside 
of this layer is a compact sheet of calcareous strands which also permits 
the passage of gases. On the outer sur- ^ 
face of the shell is a third layer, the 
cuticle, which appears to be structurelesB 
except that it is penetrated by pores. 
Within the shell is a membrane con- 
sisting of two layers of fibers crossing 
one another in various directions. The 
envelope as a whole is calculated to 
prevent excessive evaporation, a pro- 





Fio. 186.— 'Tdoladtlial egg in generalised 

form, a, animal pole; c, cytoplasm; rn, second 
maturation niiindle; p, first polar bod> ; «, 
epermatozodn: 9, veg»t»tiv» pole; y, jrolk 
erowded toward vegetative pole. {Modified 
from original drawitm by P. O. Okketberg.) 



Fko. 1S7. — Centroleeitlial egg of the 

fly Muflca, in lonKitudinal section, cy. 
cytoplasm; em, egg membrane; m. micro- 
pyle; n, egg and sperm nuclei; pb. three 
polar bodies; y, yolk. (From Korschelt 
and Heiaer, afier Uenking and Blockmann, 
courUty ttf M uem i tta n Co.) 



vision necessary in eggs laid in air, and yet it permits the passage of gases 
necessary for the respiration of the embryo. Indeed, air begins to 
penetrate tlie shell soon after the egg is laid, and acciininlatos in a 
space between the two layers of the membrane within the shell at the 
large end of the egg. 

The Spermatozoa. — vSperniatozoa exhibit much greater variety of 
form than eggs. Typically they consist of an enlarged anterior tiead, 
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in which the nucleus is contained; a luinute body, the mid-piece, behind 
the head, from which in some animals a centrosome is known to develop 
in the fertiliaed egg; and a whip-like iaU, used as a motile organ. Most 
of the higher animals produce spermatozoa of this kind, but in a variety 
of shapes as shown in Fig. 168 {A-E), In other animals the form may 
be wholly different (F-J). 

Perfilimtion. — ^The dual function of the union of egg and sperm has 
been pointed out in Chapter VIII, and some of the methods of insuring 
that the two cells are brought together are described in Chapter IX. It 




Fio. 168.- Different foniM of spennatoio*. A, badger; B, oheldrake Tadorna; C, 
•turKeon; D, flycateher MuRcieapa; E, opoe^um; F, lohvtvr; Q, cruBtaoean Polyphcinujt; 

H, oruf) Droniiu; /, crab Porcellana; J, i riiai;it c;iii Ftliusii; {A-D aflrr Balhnntz; F after 
Herrick; 0 o/ter Zaeharitui H-J aSitr GrfMftn, From WiUon'* The Cdl in Deveiopment and 
/iiA«niaiM0, eourtujf a/ MoemUlaH Co.) 



was shown in the latter chapter that the time of fertilization, relativ(> to 
the location of the o^g, is variable; that is, the egg may be fertilized while 

still in the body of the female, or not until the egp is laid. In those 
iluit are fcrtihzed within the body of the fomalo, fortiiization occurs in 
the oviduct in the vertebrates, or in some invcrtcb.-at(\s whik^ the egg 
is .still in the ovary. It is now po.s.sibie also to relate the time of fertiliza- 
tion to the stage of maturatiou which the egg or oocyte has reached when 
the sperm enters. 

In A.scari!^ megalocephnh, paravsitic in the horse, the sperm enters 
the cytoplasm of liie primaiy oocyte about the time of the foiiuuuon of 
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tho first maturation spindle. It rornains in the oOQyio during the rest 
of the maturation process. In the frog, rahl)it, and some others the 
^jii rniatozoon enters after the first polar })ody is formed, but before the 
second. In the sea-urchin the sperm does not enter until the maturation 
of the egg is complete. 

In eggs that possess a shell at the time of fertilization, there is an 
opening through which the sperm enters (Fig. 167, m). In naked eggs, 
the sperm may enter anywhere. Usually only one spermatozoon pene- 
trates an egg. Some change, probably of a chemical nature, takes place 
in the protoplasm of the egg when a spermatozodn unites with it, such 
that no other spermatosoa can be drawn in. When by aeeident two or 
more spermatosoa gain entrance at the same time, abnormalities of 
development are likely to occur. However, in some animals numerous 
spermatosoa regularly enter the egg; but the nucleus of only one of 
them unites with the egg nucleus. 




Fio. 169. — Cleavage iu the homolecithal egg of the |eft-cucuinber Synapta. The cells 
u««U of neaily theaameaiM. {Modiifi»dJromW%Uon^itfierSdnik^coiu^^ 
Co.) 

Cleavage. — Shortly after fertilization, within a time measured by 
minutes or hours in most animals, the fertilized egg biggins to divide. 
This division, which is repeated in rapid succession imtil the egg is con- 
verted into many cells, is cslled e2e<wa(re or Mgrnenlalum. In the following 
account ci cleavage the egg may be likened to the earth with its two poles, 
so that a plane passing through the animal and vegetative poles may be 
spoken of as meridional, other planes as equatorial or parallel to the 
plane of the equator. The manner in which cleavage occurs is related 
to the distribution of yolk in the egg, so that several types of segmentation 
are known. 

Cleavage In Homoledtiiai Eggs. — In homolecithal eggs the early 
cleavage is very regular. The spindle of the first mitosis is horizontal 
(assunodng the animal pole to be above) and near the center of the egg. 
The first cleavage plane is therefore meridional, passing through ))oth 
animal and vegetative poles, and dividing the fertilized egg into two 
approximately equal cells. The sea-cucumber Synapta (Fig. 169) is a 
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good example. The second cleavage is also meridional and perpendicular 
to the first plane; four cells are thereby produced. The third cleavage 
is nearly equatorial, resulting; in oiKht cells. Often, especially when a 
distinct amount of yolk is prosout, the third cleavage plane is slightly 
ahov(> the equator, so that the upper four cells are smaller than the lower 
quartet. 

After the third cleavage there are two or more cleavage planes at the 
sami' time. The fourth cleavage passes through two planes, lx)th of 
them meridional, and perpendicular to one another. The 16 cells thus 
formed then divide into 32, and soon. Up to the 32-cell stage, in a homo- 
lecithal egg, the divisions usually take place at the same time in all the 
cells. Irregularities occur later, some cells dividing earUer and more 




Fio. 170. — Cleavage in the telolecithal egg of the lamprey. The third cleavage {B) ia 
diitinoUy abov* iba aquator, and tha latar eella (F. (3) are vatr unequal in liaa. em, agg 
moTuhrano; ma, nuoroiiMfw; im*. mienmiana {Mo^fUd fnm vrwimal drawinat ^ P. 0. 

OkkeLberg.) 

rapidly than others. By this cleavage the sin^e cell (fertilised egg) is 
converted into hundreds of cells forming a nearly spherical mass. 

At the point to which the process of cleavage has been followed in the 

preceding paragraphs, the egg, now more correctly called an embryo, is a 
hollow ball of cells. Often the cells are arranged in a single layer at the 
surface, sometimes in a few layers, and there is a cavity in the center 
filled with Hquid. The whole embryo is now designated a hUutuiAf the 
cavity within it the blasloctrh'. The hlastocoBle appears at a very early 
stage. Even in the four-cell stage, the inner corners of the cells are 
rounded off, as in Fig. 1G9, leaving a space. This space is continually 
present through later ch-avngcs, and becomes larger a^^ segmentation 
proceeds. The term biastoco^le may properly be applied to it in any of 
these stages. 
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ClMvage in T^lotecHiud Bggt.— The extent to whieh, in the preeenoe 
of much yolk, cleavage departs from the regular method described for 
homolecithal eggs, appears to depend on how much yolk is present, and 
how sharply it is separated from the protoplasm of the egg. In the lam- 
prey, which may be described as "mildly" tekklectthal, the egg is divided 




Fio. 171. — Blaatula of the lami»rey, two atagea. in section. The colla are very unequal 
in flise. and th« falHtoosBte is eoeentrie in pontian. b, blMiooal*; mo, auMiroiiMiw; im» 
nioronMiM. 

much as in Synapta, except that the third cleavage plane is far from equa- 
torial (see Fig. 170). The upper quartet of cells in the eight-cell stage 
is nuich smaller than the lower. Also, in the lamprey, the irregularities 
of division occur uiuch earlier and are much more obvious. A bhistula 



c 




Pro. 172. — Cleavage of the telolecithal Fu.. 17.3. — Blaatula ot telulecithal en, 
•SC of the gar-pike, Lrpt'</o0ttfu« oaaeiM, about dingrammatically repreeented in vertical 
6 hrs. after fertiliiation. The yolk-laden aection. 6, UMtoooale; c. cleavage cells, 
iregetntive half of the egg mnaina undl\-ided. 
iAfi»Eydmkym«r^ eourleaytfOuttafFiadwr.) 

is formed, but the blastocoele is eccentric in position (see Fig. 171). The 
wall of cells is much thicker and is composed of much larger cells at the 
vegetative pole than at the animal pole. Cleavage in the frog's egg is 
very similar to that of the lamprey. 

In the eggs of fishes the yolk and protoplasm are almost completely 
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separated; the protoplasm is a oonvex disc resting on top of the yolk 

mass. In such ( ^tjs the ( Icavage is limited to the protoplasmic portion, 
as shown in Fig. 172. The yolk is never divided at any stage. Clca vfip^o 
does not follow such a regular scheme as in homolecithal e^^. A blast ula 
is formed, but the blastocccle is only a narrow space between the disc of 
cells alxive and the undivided yolk })('lf)\v (Fiji. 173). Scattered cells 
may, howeviT, rest upon the yolk at the bottom of this cavity. 

Like the cleavage of the fish egg is that of the birds and reptiles, whose 
eggs are also strongly telolecithal. 

Cleavage in Centrolecithal Eggs. — Cleavage in the eggs of insects 
and others of the same type is at first limited to division of the nucleus. 
The nucleus, ordinarily situated in a small mass of cytoplasm in the middle 
of the egg, divides repeatedly while the cytoplasm is everywhere unseg- 
mented. The daughter nuclei migrate toward the periphery of the egg, 
accompanied by small portions of the central mass of cytoplasm, and 
arrange themselves in a layer at the surface. Then division of the cyto- 
plasm takes place between the nuclei (see Fig. 162). For a long time» 




however, the cytoplsusmic divisions do not pass entirely around their 
respective nuclei, so that the inner ends of the cells" at the periphery 
are continuous with the mass of the e^;g. 

Gastrulation. — When the blast ula is well formed the wall of cells on 
one side of it begins to be turned in, gradually obliterating the blast occele. 
This inturning, or invagination, of the wall of the blastula is style<l gns- 
iruUUion, and the end product a gastrula. The process differs in blastulas 
of different forms. 

Gastrulation in Homolecithal Embryos. — The simplest form of in- 
vagination takes place in those animals whose eggs have a small amount 
of yolk evenly distributed. The fish-like Amphioxus and the holothurian 
Synapta are classioal examples (Figs. 174 and 175). The vegetative pole 
of the blastula becomes flattened, and then turned inward, much as a 
hollow rubber ball might be indented on one side by pressure. The in- 
vagination proceeds until the intumed cells are in contact with those of 
the opposite side. The blastoccele is thus completely obliterated. The 
two-layered embryo thus formed is called a gaatnda. The outer layer 
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of oeUs, the original animal half, forms the ectoderm; the inner layer, 
the vegetative half of the blastula, is now the endoderm. Within the 
layers of cells is a new cavity, the archenteron, which is connected with 

the outside by a small opening, tho blastopore. 

Gastnilation in Telolecithal Embryos. — Blastulas containing much 
yolk are invap;inutcd in a somewhat different manner. The lamprey 
(Fig. 176) illustrates the difference very simply. Owing probably to the 
difficulty of turning in so thick a layer of yolk-laden cells as is present 
in the vegetative half of the embryo, invagination starts at one side, as in 
Fig. 176, A, approximately half way between the animal and vegetative 
poles. The inward movement of these cells proceeds until the blasto- 
ccele is eliminated, as in homolecithal embryos. Ectoderm and endo- 
derm are thus produced, and an archenteron and blastopore, as illustrated 
in the figure; but the archenteron is a very much flattened cavity. The 
endoderm is in part a comparatively thin 
layer, but in part (the original vegetative 
part of the egg) a very thick layer. 

In blastulas ol this type gastnilation is in 
part aeoomplished by two processes that are 
not invagination. The thin layer <^ cells 
above the blastoccele, which later becomes in 
part ectoderm, at first includes only a fraction 
of the surface of the blastula (see Fig. 176, A), 
The ectoderm is extended, during gastnila- 
tion, by a process known as delamination. 
As shown in D, a layer of cells is split off from 
the outer part of the original vegetative part of Fio. 176. — Gastrulation in 
the embryo, thus forming a continuation of the holothurian Synapta. or. 

archenteron; o, blastoroplo. 
the ectoderm. (From drawing by P. O. Okkel- 

The other process leading to the forma- 
tion of the gastrula is one of over-growth. At the lip of the blastopore, 
where the ectoderm and the thinner part of the endoderm meet, these 
two layers undergo an active growth, thus creeping down over tibe vege- 
tative pole of the embryo, as showb at the left in Fig. 176, C and D. 

The end result is a two-layered embryo, the gastrula; but that result 
is reached by over-growth and delamination, as well as by invagination. 

Gastrulatioii ui the telolecithal embryos of reptiles and bhrds and in 
the embryos of mammals is so much modified that these forms cannot be 
here included. Likewise, the early foldings of the layers of cells in de- 
veloping centrolecithal embryos must be omitted. 

Mesoderm Formatioii. — ^At the end of gastrulation two layers of cells, 
ectoderm and endoderm, are present. In all but two groups of metasoa 
lov; in the animal scale, a third layer is soon formed between these two. 
This layer 19 the me^pdtrm, 

\ 

I 
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The method of formation of the meHoderm (lifTers in different animals. 
In Amphioxus the upper lateral portions of the eudoderm (Fig. 177) are 




Fuj. 17(>. Oast mint if tn in the tclolpcithal onihrj'o of the lanjprey. A,B,C,D,E, 
t«uncc8«iv(> .stuKca; or, archoDteruu; 6, blaatucoele; bp, bl»i»topore; d, hue of delaiuiuatiou ; 
dio. digestivo traot; «e, oetodemi; ««, endodenn; Li, liver. (Afkr CKoeMer, couHmv o/ 

turne<l outward in the form of grooves, shown in eross-seetion in tlieh^ure. 
The edges of each groove meet and fuse, and the groove now in the form 




Fio. 177. — Mwodorm formstion in Ampbiozus. A, evsgination of the upper latmml 

portions of the cndodprm; B, separation of the mesodermal pourhe** frf>ni the ondndrrm; 
c, coelom; dg, digestive tract; ec, ectoderm; «n, endoderm; m, mesoderm; mp, mesodermal 
poneh; n, neural tube; nd, notoeliord. {A/Ur HaUeM.) 

of a tube is completely separat^^d from the endod(>rm. The two tiilx^s 
thus formed are the mesoderm, and the slender openings in tliein consti- 
tute the body cavity, or coslom. In later stages of development the tubes 

/ 

/ 
t 
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expand, as in Fig. 178. One side becomes a thin layer of cells applied to 
the digestive tract, while the other side lines the inside of the ectoderm. 

In tclolecithal embryos like that of the frog and the lamprey, the 
endoderm is so thick that folded grooves like those of Amphioxus could 
hardly be formcil. In such cases the mesoderm may be simply split off 
from the outside of the endoderm. In Fig. 179, which represents a cross- 
section of the gastrula of the lamprey, the slit (d) above the archentcron 
represents the beginning of this 




Fio. 178. — CroM section of embryo of Fio. 179. — Meeodcrm formaHon by 
Amphioxus, showing expansion of the meso- delamination in Ihe lamprey. The meso- 
derm between ectoderm and digestivo tract, derm is simply split off the endoderm. 
c,eiaBlom:<i0.dice8tive tract; dm, dermaioiDe; or, araheDtefltm; d, line of delamination; 
ce, ectoderm; en, radoderm; me. myoocBle; «e, eelodann; m, aanoderm; ng* Deiml 
mt, myotome; nd. notochord; n(, Rpinnl cord; groove. {Afiir Oosllt, CD W tS Sy LtOpM 
•om, somatic layer of mesoderm ; Bjd, splanob- Vott.) 
nie Uy«r of m— oderm oovering th> (H i n rti vw 
tract; «m, rentnl m wa nt wy. 

ORGANOOBNY HI THB VBRTBBRATB8 

The three layers of oells, ectoderm, endoderm, and mesoderm, are 
often caUed the germ layen. They are so designated because certain 
organs are derived from each onei so that the Uyers may be thought of aa 
containing the germs of those organs. Thus, from the ectoderm come 
the nervous system, important parts of the sense organs, the outer layer 
of the skin, and some others; from the endoderm the lining of most of 
the digestive tract, and of sudi out-growths of the digestive tube as the 
liver, pancreas, and lungs; and from the mesoderm the muscles, bones, 
blood system, kidneys, etc. If all the facts were known it might be 
possil)le to point out the specific cells, even in stages prior to gastrulation, 
which will become certain organs of the embryo, just as in some animals 
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the germ colls can be I'lirly tlistinguished. If that were possible, the 
(nirliest recognizable cells whose ultimate fate were known would be re- 
garded ius the germs of those organs. In the absence of such knowledge, 
the three layers ectoderm, endoderm, and mesoderm exhibit the first 
general division of the embryo into parts whoae destiny can be predicted 
— hence the name germ layers. 

The development of the organs from these layers is termed organ- 
ogeny. Id very large measure the production of organs consists of the 
rolling, or folding, or protrusion of portions of various layers of cells. 
When a layer of cells is bent inward, into a cavity enclosed by that layer, 
the bendinis is termed irwaginaHon, If the layer of cells is bent or folded 



ng 




Fio. IbO. — Cross-section of the early embryo of a frog, diagrammatic, c, coelom; 
dig, diiwtiva tmet; «e, eetodemi; en, endoderm; nu, meaodenn; nc, nmind ereei; nd, moU^ 
chord; nf, neural fold; nOt neural groove. 

outward, the protrusion is called evaginaUon, Invagination and evagi- 
nation may occur in long and narrow areas, resulting in the formation of 
furrows or ridges. Or the bending may occur in a very limited region, 

producing pits or knobs. 

Owing to the great diversity of organs found in various groups of 
animals, and to the fact that many of these organs have no counterpart in 
other groups, it seems wise to continc the aeeount of theearly develoj)ment 
of organs to those of the vert( l)rates. Even within this one group a 
(XDmplete list of organs cannot be mentioned. Some of the more impor- 
tant on(\s will be described, to illustrate the kind of processes involved ia 
organ formation. 
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The Early Embryo. — Several of the chief systems of organs are laid 
down at a very early time. The general arrangement of these systems 
must l>e pointed out Ixjfore any of their parts are traced into later stages. 
One of the first changes visible externally is the appearance of two promi- 
nent ridges, close together, along the dorsal side of the future embryo. 
These* extend lengthwise and are roughly parallel except at the anterior 
end where they diverge from one another. In a crofls-section of the frog, 
for example, these ridges appear as in Fig. 180. They are the neural 
folds, the beginning of the central nervous system. Where these folds are 
near one another the spinal cord develops; the divergent folds in front 
form the brain. These ridges approach one another and fuse along their 
upper surfaces, cutting off a tube beneath the ectoderm. In longitudinal 
vertical section at this time, the nervous system appears as in Fig. 181. 



e e n d s p 




Fkj. 181. — Longitudinal He«'t ion of the early embryo of h frog. Hiugranimatir. an, anus; 
br, brain; r, ccelom; ec, ectoderm; en, cndodcrm; int, intestine; li, liver; ma, mesoderm; 
nd, notochord; ap, spinal cord; at, stomach. 

Beneath the nervous system a cylindrical rod of cells, the notochord, 
has been separated off from the endoderm beneath. Around it later is 
formed the back-bone. 

The digestive tract has been present, as the archenteron, ever since 
gastrulation took place. At the stage which is described in the preceding 
paragraph it is usually enlarged in front and narrowed behind. These 
parts correspond roughly, in the frog, to the stomach and intestine. 
Posteriorly the intestine opens to the outside through the anus which in 
some animals is the same opening aa the blastopore, but in others a 
passage secondarily produced. In many animals the anus first appears at 
a much later stage. 

As indicated above, and in Fig. 180, the mesoderm is early divided 
into two layers, one applied to the inside of the ectoderm, the other cover- 
ing the endoderm. The peritoneum which occupies approximately 
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the corresponding poaitioDS in later stages is derived from these layers. 
Above the endoderm, between it and the notochord, t wo layers of the 
mesoderm approach one another and form the mesentery (Fig. 163) which 
later suspends the digestive tract in a sack of peritoneum. In the longi' 
tudinal section, Fig. 181, the mesoderm is not represented above the 
digestive tract, since the section passes exactly throiigli the median plane. 
But helow the intestine the mesodenn occurs, divided into its two char- 
acteristic layers. 

Digestive Tract and Its Derivatives. — From the invaginyt( d , i ^( ta- 
tive side of the embryo, which forms the endodcrni. is formed most of 
the lining of the digestive tract, and the lining of organs which branch 
oflf from the digestive tract, such as the gill pouches, the liver, lungs, 
puncicas. and some others. 

Gill Pouches. — The gill pouches, represented as seen from above in 
Fig. 182, are evoginations from the sides of the pharynx, or anterior part 
of the gat. Typically there are five of these protrusions on each side, but 
some of them are often rudimentary, or two of them may be nearly com- 
bined, so that the number frequently appears to be less. Successive 
stages in the evagination of the gill pouches are shown in Fig. 1S2, A, B, 
C. They finally reach the ectoderm, with which they fuse. In fidtes 
and usually in amphibians the ectoderm and endoderm both break open 
at the point of fusion, so that the pharynx is open to the outside. These 
openings are the ^iU dtfU, They serve as channels for the passage of 
water, which enters at the mouth (not shown in the figure since it is at 
a lower level) . The course of the water is indicated in the figure by ar- 
rows. In the fishes and in at least tlie young stages of amphibians gills 
are developed upon the tissue {gill bars) between the gill clefts. The 
gills are organs for the al)sorption of oxygen. In the production of oeiv 
tain t>'pcs of gill the endoderm of the gill pouches has a share. 

In the higher vertebrates the gill pouches do not open to the outside 
at all, or do so only temporarily. They are to he regarded :is. to some 
extent, vestigial organs, an inheritance of an ancestral condition in which 
functional gills were present. However, some of them are regularly 
converted during embryonic development into other functional or non- 
functional organs. Thus, the first pouch becomes, as is pointed out 
below, part of the Eustachian tube and middle ear. Others share in the 
production of the tonsils, the thymus, and the parathyroid glands. 

Mouth. — The mouth starts as an invagination of the ectoderm from 
the outside, as in Fig. 1S3, m. For a time it is separated from the rest 
of the digestive system by a membrane composed of an outer layer 
of ectoderm and an inner Uyer of endoderm. This membrane later 
breaks (Fig. 184), and part of the fore end of the gut is incorporated 
in the mouth cavity. That part of the mouth derived from the external 
invagination is of course lined with ectoderm. 
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Liver. — The liver appears at an early stago as an evagination from 
the lower side of the intestine just })ehind the stomach. In the frog, 
the liver is present shortly after the fusion of the neural folds (see Fig. 181, 
It). An early indication of the Uver is also shown in Fig. 183, li. This 
pouch grows in extent and soon becomes branched, as in Fig. 184, li. 
One branch at the iK)sterior side of the liver forms the gall bladder 
(y6). The rest are bound together by mesodermal tissue which collects 
about them, forming part of the body of the liver. The undivided })asal 
portion of the original pouch remains a.s the hilc duct (hd), through which 
the secretions of the liver are conveyed into the intestine. During all 
this development, of course, the liver has been covered by the layer of 
peritoneuin (mesodermal) which invests the entire digestive tract. The 




Fio. 182. — Diaxrams showing the aarly developmeDt of some of the organs of verte- 
brate animals, as seen in section from abovie. The stagen hero shown are not contempora- 
neouH in all ca.seH. A, li, (', successive Htatjca; au, auditory vesicle; br, brain; cr, crystalline 
lens; ec, ectoderm; en, endoderm; eu, Eustachian tube; pb, gill bar; gp, giU pouch; 0«. gill 
■lit; me, endodennal portioii of mooth; e|f, olfaetory pit; opn, optic nerve; opt, optie etalk; 
ph, pharynx; ret. retina; «p, spinal cnrd; iy, tympanum or middle ew* AfrowinC denote 
current of water through mouth, pharynx, and gill slits. 

adult liver is thus covered by peritoneum, and suspended by mesenteries 
formed from the same layers of mesoderm. 

PlMimafl. — ^The pafierMu originates from two pouches evaginated 
from the intestine, as in Fig. 1S4. One arises from the dorsal side of 
the intestine nearly opposite the liver {dp) ; the other springs from the 
angle between the liver and the intestine (pp). The latter pouch turns 
dorsalward, to one side of the intestine, where it unites with the dorsal 
rudiment. Their further development which in many respects is Mmili^y 
to that of the liver need not be traced. 

Lungs. — The lungs^ take their origin from a protrusion from the 
ventral side of the gut some distance in front of the stomach, as in Fig. 
1^, Ig, This pouch is at tot single, as shown in Fig. 185, A, but soon 
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divides into two parts {B, C, D). As thcso grow in sizo thoy hpcome 
branched. Tho undivided stalk of the lung rudiment is the trachea, the 
two pnnci{)al braiichea are the bronchi, and the finer divisions are the air 
passages within the kings. Mesoderm is constantly pushed before the 
growing lung rudiments, so that 
the adult lungs are invested 
with a peritoneum. Other 
mesodermal tissue is incorpo- 
rated in the lungs, among the air 
passages, where blood vessels are 
abundantly developed. 




Fw. 183. Fig. 184. 

Fio. 1S3. — Diagram illustrating the dovclopmpnt of some of Iho nrgnns of a vcrlchrnto 
animal as viewed from the side. The tktHliuu is taken a tnfle to une side of the median 
plane. Tlie Stages abowil arc not all contemporaneous, br, brain; c, ccelom; tnl, iatestine; 
li, liver; m, mouth; fiu, meaoderm; nd, aotoohord; pc, perioanlial ehamber; tpi, spinal 

cord; st, stomach. 

Fig. 1S4. DiaKrum rcprcsfntinK ilic (iL-vclnptiiont of notno of the orgiiu.s of vfrtebrate 
animaLs, at a later atage Uiaa in Fi«. 183. The figure is a trifle to one aide of the inediaa 
plane. The ataicm ahoivii are not nacMMurOy eontemporaneouB. an, anin; M. hile duet; 
hr, hrnin; c, cobIoth: (tp. dorsal rudinicnt of itntiiTrii,- ; oh, unll bladder; //(/. inu-stino , Ig, 
lung; li, liver; m, mouth; tiu, mesoderm; nd, notochord; pc, porioardial chamber; rt, root of 
tOQgiw; <]», apinal oord; «l. aComaoh; f, (ongue; vp, ventral nidiment ol panenfts. 

Minor Feattu'es of Digestive Tract. — The tongue begins in a group of 
elevations from the floor and sides of the mouth. Two of these eleva^ 
tions are repn^sontod in Fig. 1H4. 

The anus develops, in a few animals, directly from the blastnpor(\ 
and in them is never closed. In other animals, in which the blastopore 
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closes by the union of the cells at its margin, the anus opens in another 
position. The enflo'lcnn near the posterior end of the intestine meets 
th(" ectoderm, the two layers ftise and then break open. Figure 183 
shows the anus as still closed, while in Fig. 18-4 it is open. The time at 
which the opening of the anus occurs differs greatly in different forms. 

It should be borne in mind that Figs. 183 and 184 are diagrammatic, 
and do not represent a condition prevailing at an}' one time in eml)ryonic 
development. For the sake of compactness, organs have been shown 
in the same figure in stages which do not occur simultaneously. 

Central Nervous System. — It has already been pointed out, and 
shown in Figs. 180 and 181, that the early central nervous system is a 
tube formed by the fusion of two folds or ridges of the ectoderm. Tliis 




TiQ. IS."). — Suoceasive stacea in tho developoimt of the lunfcf*. The csophaKus b 
shown in -4, H, and (', but not in D. An tho lungs grow the niosodenn is pu.nhed l>oforp them 
and thus cumos to invest the adult lungs and to make part uf the lung tissue, hr, brou- 
dras; ct, eaopliMUs: <• lung; m, nwoderm; (r, traobea. 

tube is wide in the anterior region, where it forms the brain, and narrow 
posteriorly, where it produces the spinal cord. The thickening and fold- 
ing of the walls of this tube, especially in the formation of the lobes and 
cavities of the brain, are too comj)licateil to occupy attention here. 

The Nerves. — The nerves extending from the sjnnal cord take their 
origin in part from the neural crests. These crests are ma.'^.ses of cells 
budded off from the inner surface of the ectoderm at or near the region 
of the neural folds, as indicated in the cross-section of the frog, Fig. 180, 
and in Fig. 163. 

As was pointed out in Chapter VI, the large nerves arising from the 
spinal cord are connected with the cord by two roots, a dorsal root of 
sensory fibers and a ventral root of motor fibers. Hie dorsal root is 
enlarged to form a f/angUon. 
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This dorsjil KiinKlion is in each nerve developed from one of the neural 
crests. The dorsal root is completed by prorrsses of nerve cells growing 
inward from the neural crest and entering the dorsal pnrt of the spinal 
cord, and by other processes iirowing outward from the neural rrest 
toward the periphery of the Innly forming the sensory part of the spmal 
nerve. The ventral motor root of the nerve grows out from the ventral 
part of the spinal cord, and joins the fil>er8 of the dorsal root 
at ii point beyond ihe gangUon. The nerve fibers from these two roots 
remain distinct from one another, but are enclosed in the same connec- 
tive tissue coverings. 

Phe development of some of the onuiial nerveB (thoee extending 
from the bndn) ia in many respects similar to that of the spinal nerves. 

The Bye. — ^The principal sense oigans are developed either as out- 
growths from the oentral nervous system, or as ingrowths chiefly from 
the ectoderm which oome secondarily into connection with the nervous 
system, or by a combination of these two modes of origin. The eye 
begins as an evagination from the side of the brain (Fig. 182, A). This 
protrusion elongates, anrl at the same time expands at its outer end into 
a hoUow bulb. The bulb-like expansion flattens on its outer side, and Ls 
then invaginated to form a double walled cup resembUng a gastnila 
(Fig. 182, B and C). The inner layer of this cup becomes the visual part 
of the retina and the basal stalk on wliich the eiip rests is the optic nerve. 
When the outgrowth from the brain conies in contact with the ectoderm, 
the latter thickens and later invaginatt s, finally pinching off a rounded 
mass of cells (B ;md C). Tliis mass becomes thp rrystaUine le^m of the 
e3'e. The ectoderm at the point where the lena was formed, becomes 
transpanmt, and with additions from the riu soderm in most vertebrates 
forms the cornea. The rest of the eye, including its muscles, is derived 
from the mesoderm. 

The Ear.- -The ear begins its development in the surface ectoderm, not, 
as does the eye, from the central nervous system. A patch of ectoderm 
on each side of the head region thickens, and then invaginated (Fig. 1 82, ^1 ) , 
producing a pear-shaped vesicle. The vesicle is pinched off from the ecto- 
derm, and comes to lie within. It changes its shape, producing the 
characteristic semi-circular canals and the (sometimes) coiled body of the 
inner division of the ear. Only certain groups of cells in this vesicle 
acquire sensory functions; these groups are joined to the brain by proc- 
esses of nerve cells growing out from the ganglion of the eighth (auditory) 
nerve which, as in the spinal nerves, is derived from one of the neural 
crests. 

The middle ear, which contains the bones of the car, is derived at 
least in part from the first gill pouch (Fig. 182» A, B, C). In some 
vertebrates this pouch never perforates to the exterior, in others it opens 
for a time and then closes again. Its distal end comes to lie beside the 
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vesicle which is derived from the ectoderm, and in this portion the ear 
bones arc much later developed out of mesoderm. The connection of 
this first pouch with the digCvStive system oithor romains open or after 
closing re-opens again, in either case fornuag the Eustachian tube wiiich 
connects the middle ear with the pharynx. 

The outer car develops first aa an invagination from the outside. 
The pit or canal thus turmed approaches the midtlle car, but always 
remains separated from it by a membrane, the ear drum. The shell-like 
external ears of animals that possess them are erected out of mesoderm 
with, of LuursL', an ectodermal covering in the epidermis of the skin. 
The outer car is not shown in the illustrations (Fig. 182). 

Olfactory Organ. — ^The olfactory organ, like the ear, ib at first a patch 
of thickened ectoderm on each side of the head far to the front. This 
ectoderm invaginates (Fig. 182, olf) , but unlike the ear the pit thus formed 
does not dose; it remains open to the outside as the nosiril* The pit 
enlarges and protrudes inward to meet the front end of the digestive 
tract just behind the ectodermal part of the mouth. An opening is 
subsequently formed at this point of contact, and the nostril is thus con- 
nected with the deeper portion of the mouth cavity. Only certain parts 
of the ectoderm that forms the olfactory cavity become sensory. From 
these parts nerve processes grow toward the brain, thus forming the olfac- 
tory nerve. The nasal chamber in many vertebrates becomes curiously 
altered in form, and receives the ducts of various glands. 

The development of the few organs described in the foregoing pages 
will suffice to illustrate the kinds of processes involved in organogeny, 
especially in structures arising from the outer and inner fierm layers. 
Organs and tissues derived from the mesoderm, such as muscles, hones, 
heart, blood vessels, kidneys and their ducts, are as a rule much less 
sharply defined in their earlv stages than arc those of the ectfxiemi iinrl 
endudtrm. A description of their early development is therefore omitted. 

Metamorphosis. — Besides the usual course of development, which is in 
large measure the same for different members of the sanic group uf animals, 
as described above for a few organs of the vertebrates, some members of 
a group may undergo an unusual series of changes. Metamorphoma 
is one such series of developmental processes. Animals that metamor- 
phose are bom or hatched with one, or several, or many organs which 
they will not possess as adults, and they may retain these organs for a 
considerable period after birth or hatching. Or the young animal may 
lack organs that will be developed before it becomes adult. The procees 
of losing the larval organs and of gaining the missing adult organs is 
called metamorphosis. 

MetamofphoeU in Invertebrates. — ^Metamorphosis is common among 
insects, in many groups of which the young stages are wholly unlike the 
adult. In butterflies, beetles, bees and flies, the egg hatches into a 
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caterpillar or grub or maggot, from which a person ignorant of the life 
history could not possibly predict the adult (see Fig. 186). After growth, 
these larvae become quiescent pufxp, enclosing themselves in a chitinous 
case and taking no food. They may undergo squirming movementnS, but 
are incapable of locomotion. However, in some of them remarkable 
changes are going on in the interior during this quiescent period. Many 
of the cells of the larva disappear entirely, being dissolved and devoured 
by certain wandering cells. Whole organs may appear thus to degene- 
rate into a milky pulpy mass. But some cells always remain, and out of 
these the organs of the adult take their origin. Doubtless the material 
derived from the degeneration of the lost organs is used as nutrition for 




Fio. 186. — Metamorphostfl of the swale-fly fiepriion fuacipennis. A, larva; D. pupa; C, 
udult from above; D, adult, side view. (From Xcerlham.) 

the development of the adult organs, but there is much uncertainty as 
to just what happens during that process. This destruction of the larval 
organs, and the formation of new organs out of their remains, constitutes 
for these insects the process of metamorphosis. 

Metamorphosis in Vertebrates. — In some of the higher groups, 
metamorphosis, where it occurs at all, is shrouded in much less mystery. 
In the vertebrates, the transformation of a tadpole into a frog or toad is 
the classical example. The readily visible changes are the degeneration 
of the so-called "sucker," or attaching organ, beneath the head; the de- 
velopment of the legs; and the absorption of the tail, the material of 
which is probably used elsewhere for growth. Besides these changes 
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are others not so easily followed. The external gills, hidden under a 
fold of 8kin called the operculum, disappear early, to be replaced by in- 
ternal gills which arc developed on the endodermal lining of the gill 
slits. The internal gills are lost later, and their function served by 
lungs, which have all the while been developing. The jaws are providc^d 
with a horny armature, serving as teeth, but these are shed and the mouth 
increases greatly in siae. The intestine, from the early tadpole stage a 
very long and much coiled tube, is greatly shortened. And there are 
other changes. 

Such metamorphoses do not occur in all animals. In many groups, 
all of the organs that the adult possesses are present in recognisa- 
ble form at birth or hatching. While these organs may change their 
relative sizes during post-embiyonic life, the alterations are so slight that 
no one would mistake the group to wliich the new-born animal belongs, 
even if he were ignorant of its life history. Young birds and mammals 
(the hairy animals) fall within this category- In such animals there is, 
of course, no metamorphosis. 

Homology. — It can hardly fail to attract attention that in the account 
of organogeny given above, the narrative is a generalized one. It 
is couched in terms that make it applicable, not to a single form, but 
on the whole to vertebrates in general. The nervous systoTn of one vrrlo- 
brate begins much as does the nervous system of any other vertebrate. 
The eye of a bird develops tm does the eye of a frog. The early ear 
abo is abotit the same, whether found in a reptile or mammal. 

This similarity of the first appearance of embryonic structures occurs 
even when the adult organs arc strikingly different. The forclimbof man 
and the wing of a bird are very different from one another in the adult 
condition, especially in the hands; but in the embryo, the earliest limb 
buds are almost identical. An even greater difiterence exists between the 
adult fore and hind limbs of a bird. When compared, bone for bone, 
there is scarcely a i)oint at which there is not a distinct difference. Yet 
the wing and leg could be interchanged in the early embryo, and few 
persons would detect the substitution. Nearly every oth^ organ which 
is common to the various groups of vertebrates arises in the same funda- 
mental manner in its beginnings. 

Structures arising in the same manner in the embryo are held to be 
homohgom. The term homology may be defined as similarity of origin 
in evolution, and is best determined from similarity of origin in the 
embryo. The description of organogeny in this chapter could be made 
general because homology is prevalent. Indeed, in animals of the same 
kind, as in the group of vertebrates, similarity of embryonic origin of 
organs is the rule. Differences are usually slight. Within a smaller 
group of animals, as in the birds, the similarity is even closer, and the 
differences less significant. 
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Origin of Homology.^ — ^Homoiofi^' is nn jif'cidont. The discussion in 
the chapters on taxonomy and (>volution may be anticipated by th« 
statement that homology n suits fiom the inheritance of a common ances- 
tral condition. All aniniuls now possessing homologous organs must have 
descended from a common ancestral form. The organs of the present- 
day descendants of that ancestor arise in the same wa> m the embryo, 
because in some fundamental respect the organs of the ancestor arose in 
that manner. If homology is not an inheritance from u common an- 
cestor, it can hardly have any significance at all. 

If this view is correct, the vertebrates are all related to one another 
through common ancesliy* Birds, and reptiles, and mammals, and 
fishes, and frogs sre all actually distant cousins of one another. As 
. pointed out in Chapter XII, homology is for this reason the chief basis 
of chissifieation of animals. 

Biog^netie Law. — ^The evident dependence of homology upon a com- 
mon descent led, a few decade back, to a conception comprised under the 
term " Biogenetic Law/' sometimes called by the more expressive and less 
committal name "Recapitulation Theory." According to this law, or 
theory, the embryonic stages of animals of today represent the condition 
of successive ancestors of these animals. That is, early embrj'onic 
conditions represent very remote ancestors, later embryonic stages 
represent more recent ancestors Sonii- biologists held that tbo f^arly 
embryonic stages are like the adult ancestors, others believed m* lely 
that the embryonic stages of the present are like the embryonic stages of 
the anccstoi s. 

If this law were capable of rigid application, it would be easy to trace 
the evolutionary history of a race simply by studying its individual 
development. In some cases, this simple procedure is almost feasible. 
A scries of fossil ccplialopods (allies of the cuttlefishes), described in 
Chapter XV, is a case in point. The fossil remains of these animals 
indicate that, in their racial history, their shells were at first provided 
with straight partitions, later with partitions whose edges were bent, 
crooked and finally lobed in a very complicated manner. Since in the 
fossils both the young and old stages of each individual shell are preserved 
it is possible to compare the individual development with the racial 
development. When this is done, it appears that the individuals of the 
highly complex types passed through very similar stages, in which the 
partitions were first straight, then bent, crooked, and finally complicated. 

In most animals, however, embr>'onic development has undergone a 
good many changes, so that steps in embryology no longer represent 
accurately the steps in the evolution of their ancestors. That is, the 
biogenetic law is less generally applicable than it was formerly supposed 
to be. However, many important facts of evolution, of limited scope, 
have been discovered by an appeal to this law. A case in wbiuh the 
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reeapitulation theory is plainly correct is in the development of gill 
pouches in all of the vertebrates. Gills are never developed in the rep- 
tiles, birds, and mammals; but gill pouches are formed, and these may 

actually open temporarily to the outside as gill clefts, between which are 
the gill bars upon which gills are developed in fishes and amphibia (frogs, 
toads, etc.). The production of gill pouches and bars in the higher ver- 
tebrates as well as in the lower, besides indicating a common ancestry of 
all these animals, iK)ints with much t-ertainty to the conclusion that the 
ancestor was a fisli-like animal — fish-Uke at least to the extent of being 
aquatic and respirmg by means of gills. 

MSCHAinSli OF DEVELOPMENT 

The practical identity of the steps of development in all members of 
the same species of animal creates the problem of the mechanism of this 

development. What insures that, at a given stage in cleavage, the vege- 
tative half of an embryo shall be invaginated within the animal half? 
What causes the neural folds to arise always in the same way, and at the 
same relative time in development? Why does an eye always b^in as 

an evagination at the side of the brain? Why does the vesicle of the inner 
car originate behind the eye, instead of in front of it, or in some other 
location? What causes the protrusion of the cndoderm just behind the 
early stomach, and the subsequent branching of this outgrpwth to form 
a liver? 

Explanations. — Most of these changes can be explained aa due to 
inequalities of growth in cells and lave is of cells. A layer of ectoderm 
must bend or fold if at some point one .surface of it grows more rajjidly 
than the other. Increase in the size of one cell displaces the cells adjoin- 
ing it. Actual migration of ceUs may also be appealed to in the explana- 
tion of certain developmental changes. 

These explanations are not, however, very far-reaching, for they omit 
the factors that cause the migration or inequalities in growth of cells. 
Physiological processes are at the basis of all embryonic devdopment, 
but the nature of these processes is obscure. It has been suggested that 
cells react to stimuli, just as organisms react to stimuli. Many animals 
appear to act in purely mechanical ways in response to changes in their 
environment, and it is not unlikely that cells of embryos have a similar 
behavior. The stimuU to which they respond in their growth may be 
chemical substances diflfusing from the cells around them. Or mere 
pressure of neighboring cells may act as a stimulus to specific kinds of 
development. It cannot be too strongly emphasized, however, that 
a stntfMuent of the (vmse of dfM'elo[)uu'nt must \>v ];\ri!:(']y conjectural. 

Independence of the Germ CeUs. — A knowledge of the embryonic 
development of ammab leads to a conception of the relation of the germ 
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cells to the somatic celb that is very useful in the study of genetics and 
evolution. Although an anatomical examination of the body of one of 
the metasoa would indicate merely that the gonad (ovary or testis) is an 
organ among a host of othef organs, there are reasons for not regarding 
these organs as being of equal ranic Beferring only to the germ cells 
themselveSfandnot to the surrounding connective tissueorepithelia whose 
cells can never have reproductive functions, the gonads must be thought of 
as occupying a position of superiority. The body is not nu roly a collec- 
tion of organs, all of which have come from a coniiuon soTircc, the 
fertilize(i c{;g. The fertiliziMl c^g; is rather a di'tachcd rcpn'sciilative of 
the groups of gonn cells of the ])an iits, from which a soma (body) has 
l)een produced. Viewed in this light, the germ cells are a reserve supply 
out of which in each generation a soma is erected. 

Immortality of Germ Cells. — derm cells j)ossess a potential inuuor- 
tality. rhat is, each oogonium or spermatogonium has a chance of pro- 
ducing other germ cells through an indefinite number of cell divisions. 
There is no necessity of death for any particular germ cell, nor for any 
specific one of its descendants. It is true, germ odls do die in great 
numbers. Many eggs are never fertilised, and perish. Eggs and 
spermatozoa are more often than not liberated at times when they have 
no chance of surviving in new individuals. Gonads always contain 
some germ cells when the body in which they are located dies, or when 
the reproductive function of the individual ceases* These remaining 
cells of course perish. But in each of these cases there is nothing inherent 
in the germ cells as germ cells which determines that particular cells 
shall be lost. Each cell has the capacity for escaping from association 
with its fellows, a chance of uniting with another germ c ( 11 i n fertilization, 
an opportunity of giving rise t^ a new individual in which descendants 
of the germ cell shall live on and have a chance of surviving. Although 
some germ colls are inevital)ly lost each individual cell has the possi1>ility 
of avoiding tliat fate and of heinj: perin'inent in the form of germ cells 
descendent from it. The germ cells are potentially iuiiuortal. 

Contrasted with the [xjssible permanence of germ cells is the neces- 
sary mortality of the somatic cells, Ko metazoan body is capable of 
endless e.xisteiiec. Body cells or thcii' descendants may live on in unin- 
terrupted series for hundreds of years in some animals, but they eventually 
die. No linal physiological reason can be assigned for the necessity of 
death, but experience indicates that there is no escape from it. While 
the individual is said to have descendants, it is only through the germ 
cells that these are made possible. Strictly speaking, it is only the germ 
cells that have descendants, and the somatic cells of the next generation 
are some of those descendants. 

Germ Cells a Reserve Supply. — The germ cells may in a sense be 
regarded as being the animal. They constitute a series that may be 
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unbroken for an indefinite time, thus oonBtituting the raee. At inter- 
vab th^ may proliferate off from themaelveg other oella that are tempo- 
rary, in the form of a body in which the germ cella are lodged. While in 




Fio. 187. — Diagram illustrating the conception of the indopondencc of the Rprm rells 
ill a parthenogenetin animal. The shaded areas ((?) repreeent the genu cells, the whit« areas 
(8) t he somatic cells. In eftdi feiMnition genu oells give rise to both gem oelto and som- 
atic cells. Somatic cells never give rise to germ cells. Somatic cells can not therefore 
transmit anything to the germ cells and the next generation merely by deeoeot. (Modified 
from drawino P. O. OfeM&srv.) 

this body some of the germ cells escape and form new bodies around 
themselves. Some germ cells remain in the old body until it is too late 
to escape; but ordiQarily some of them escape before that time, and 



ParmtM Offspring 




Fio. 188. — Scheme illustrating the coooeption of the independence of the germ cells 
in aidroals nprodticing by the bisexual method. The shaded areas io) represent germ ccllit. 
the white arous sniiiutic rclls. Iii eucli KPiieruti<iti fused Kcrni cells nive rise to both 
somatic oells and germ cells. Somatic cells never give rise to germ cells. Somatic cells 
therefore can not transmit anything to fsnn eella and the nest generation mersly fay 
deeeent. {Modified from drutdng by P. O. Ol^tdborg.) 

provide descendants that may live on forever. The germ cells are thus 
a continuous reserve supply out of which temporary bodies are at intervals 
developed. This idea is contained in the diagrams in I'igs. 187 and 188. 
The body cells are not, therefore, on a par with the germ celk; for germ 
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cells may and do produce body cells, but except perhaps in very low 
metazoa it is improbable that body cells ever produce germ cells.' 

This indep<'ndence of the germ cells need not be insisted on in most 
ordinary relations of animals. Indeed, in a physiolojjical sense it may 
tend to obscure certain fundamental fai ths, such a,s the dependence of the 
genu cells upon the bo(iy for nutrition. The body is the environment 
of the germ cells. But in some phas(\s of genetics and evolution the 
distinctness of genu and body cells lis a ubcfui conception. 

Bailey, F. R., and A. M. Milleb. Textbook of Embryulugy, Chapters 1-VI. 
liBOifBMt R. W. The CSeitn Cell Cycle ia AnimalB, CbapAers I and II. 
HoLMss, S. J. The Biology of the Frog, Chapter V. 

Kellicott, W. E. a Textbook of General Embryology. 
Kklucott, W. E. Outlines of Chordate Development. 
MoROAN, T. H. The Development of tbe Frog's Egg. 

Pbimtim, C. W., and L. B. Abst. A lAbotatofy ItUtnial and Textbook of £mbiy- 
ology, Cbapfeerj I and II. 

> Mueb of tbe conception of tbe independenee and diatinetneeB of the genn cdla 

and somatic eelli* inapplicable to plants, in vbicb germ cdla are not formed until 
late in tbe life of the indivtdua!, and in wMr}^ f;enn cella may, under suitable ciicuA- 
stances, originate from many parte of tbe body. 
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GBNBTICS 

In the preceding three chapters have been exiiinincd the various 
methixis by wiaeh new individiialfi are brought into existence, the habits 
which insure reproduction and the early care of the young individuals, 
and the developmental processes which these young individuals undergo 
in becoming adult. The last of these topics Cembryology) was fUscussed 
ma general way, with reference only to the major features of animals, 
those in which not only are all the membocB of one species alike, but in 
which members of one large group of animals often closely resemble the 
members of distantly related groups. However, development results 
in the production of many detaib in which individuals may differ, but 
which are just as definitely represented in the fertilised egg as are the 
nervous system, the digestive tract, or even the gastnila. The produc- 
tion of these minor features and the laws that govern thdr occurrence are 
the subject matter of the science of genetics. 

Scope of Genetics. — ^The word genetics means literally the origins of 
things. Specifically, however, it is applied only to such origins as are 
implied in heredity, variation, determination of sex, and their applica- 
tions. Genetics is sometimes defined very bniiully to include the origins 
of the larger groups of animals from other grou])s: and in this Hfnsf^ it is 
nearly synonvmous with evolution. But such definitions have met with 
opposition from those who study evolution by other than the experi- 
mental method, with the result that the narrower use of the term is 
most common. A more exact definition than the one impHed in this 
paragrapli is not necessary for an elementary discussion, and would, in 
fact, be difficult to foramlate before the account of the facts and 
mechanism of heredity in the following pages. 

The present day knowledge of heredity was gained through pains- 
taking experiments upon hundreds of animals and plants, and from a 
study of the cytology of the germ cells and the processes of embryonic 
development. Out of the facts gleaned from these studies there has come 
a knowledge the mechanism by means of which a trut belonging to the 
parents is so <tften reproduced in the offspring. A more perfect knowl- 
edge of this mechanism is the principal immediate goal of the majority 
ol investigators of heredity, and it is being sought through the medium of 
experiment and microscopic examination of the structures- involved. For 
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the parposc of this chapter, however, the order of discussion may be 
reversed. The results of breeding experiments will be more readily 
understood if the mechanism of heredity, 80 far aft it is now known, is 
d«8cribed first. 

The Genes or Factors.— Each inherited character of an animal or 
plant may be regarded as being produced by a definite something in the 
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Fib. 180. — Diagrams of two homologous clirotnoMimes of the fruitfly Drosophila. 
Some of the genaa mn rcprctsentedi and are in their proper orck r through the length of the 
ehromoMoM. CorraqKMiding sanaa are located at the aame level of the two chrooioooinaa. 

undivided germ. This '^something" has boon given various names, 
of wliich {jene uiid Jactor are the most commonly used. A fertilized ep:g 
contains two genes for each inherited character of the adult that wdi 
develop from it; that is, two for color of hair, two for length of stem, two 
for shape of oomb, and so on. These statements would need some quali* 
fiOfttiOQ ill an extended study of heredity, but for the present purpose 
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they aro sufficiently accurate. The two genes como from the two parents; 
one is in the egg before fertilisation, the other is introduced by the sperm. 
They may be like one another, or of different kinds, as is pointed out 
later. When the fertilized egg develops into an adult oi^anism, the two 
genes for earh {•haractcr arc handed on through successive cell divisions 
to the body eelLs of the .idnlt Tlius every aiiinial produced bi-sexually 
has a double hereditary constitution that may be represented by a 
formula naming the genes which it contains. Theoretically, at l<\ast, 
this formula is the formula of every cell of the body; for the ordinary 
processes of eel! division seem to insure that all the genes contained in the 
fertiUzed egg are j)assed on to every cell produced by that egg. 

The mechanism whicli a^jpears to guarantee that the same group of 
genes shall be assembled in the daughter cells as was present in the mother 
cell is found in the equal division of the chromosomes in mitosis. For 
reasons which will appear as this discussion proceeds, the genes must be 
regarded as being in the chromosomes. There is strong evidence to 
show that they are arranged in a row through the length of the chromo- 
some, as shown in Fig. 189. "When the chromosome divides in the meta- 
phase of ceU division, each gene presumably divides, so that each daughter 
cell has a chromosome containing the same set of genes as did the parent 
cell. In animals capable of regenerating missing parts, the general dis- 
tribution of genes throughout the body may be demonstrated. If the 
worm Lumbr iculus is cut in two, in certain regions, a tail develops 
from one of the cut surfaces, a head from the other cut surface. Genes 
for the structures of both head and tail must have resided in the cells at 
the level of the cut. It is possible, of course, that some imknown feature 
of cell division may cause the splitting of the chromosom(\s to be \mequal, 
but the higher animals afford no means of demonstrnting such inequali- 
ties. By analocry with the lower animals, one would expect genes for 
eye color to be lodged also in the ceils of the liver, and genes for intelUgence 
in the cells of the leg bones. 

The two genes for a given kind of trait occur in two separate chromo- 
somes. One of these chromosomes is maternal, having been in the unfer- 
tilized egg; I lie other is paternal, having been introduced by the sperm. 
Other genes may reside in the same two chromosomes, but thegen^of the 
Mie ohromoeome have to do with the same kinds of characters as do the 
genes of the other chromoeome. Such chromosomes may be said to be 
homologous with one another.. Figure 189 shows a pair of homologous 
chromosomes, one maternal and one paternal, of the fniitfly Droeophila. 

The germ cells, prior to maturation, have the same outfit of chromo- 
somes, and hence of genes, as do the body cells. During maturation, 
however, theur genetic composition is considerably altered. As was 
pointed out in Chapter X, homologous maternal and paternal chromo- 
somes meet in pairs during or before the growth period. Then in one of 
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the two matural^n diviaioiu' (the first in some animalB, the second in 
others), the chromosomes do not split as in ordinary mitosis, but the chro- 
moBomos that have come together merely separate again. Each daughter 
cell receives one of the chromosomes oi each pair, not halves of both of 
them. The number of chromosomes in each daughter cell is thereby 
reduced to one-half. In the fruitfly Drosophila, whereas the somatic 
cells and the oc>Koma and spermatogonia have eight chromosomes, the 
mature germ cells have only four. 

Moreover, as a result of this reduction division in maturation the 
germ cells may be different from one another. If the two ehromowmes 
of a pair are precisely alike in all their genes, then all the mature germ cells 
will be precisely alike wiih resp<'ct to those genes. If, however, the ( iin>- 
mosomes ai t- unlike in some of their genes, the mature germ cells will be 
unlike. Thus, if an individual contained the two chromosomes repre- 
sented in Fig. 189, the mature eggs produced by it would all be alike with 
respeet to their genes for sixe and shape of wing9 and genes for shape of 
hristleSf.but would be of two different kinds with respect to their genes 
for body color, eye color, and extent ot eye. The fact that the different 
mature germ cells of one and the same animal may carry different genes is 
of capital importance in heredity. 

T«nninolQgy. — ^The distribution of different genes to different germ 
cells is called segregcUimj and it results from the phenomenon of redwiUm 
(the separation (jf homologous chromoeomes without division) in one of 
the maturation divisions. The hereditary constitution of an animal 
(with certain exceptions) involves two genes for each kind of character; 
the hereditary constitution of a germ cell includes but one gene for each 
kind of character. The formida of an individual is thus a double one, 
that of the nerm cells a sinp;lc one. Thus, since genes are usually symbol- 
ized by letters, if the fornnda of an nnimal with resp<H't to any cbfirnrter 
were AA, the formula of its perm cells would be A. If the formul:i, of an 
animal were .4 a, the penes for one kind of character being unlike, the 
germ cells would be of two kiudts, some with the formuh< A, others with 
the formula a. An animal in which the two penes for a given kind of 
character are alike {AA or aa) is called a honwzffgote, and is said to ho 
honwzygcrm. If the two genes of the pair are different (Aa), the animal 
is a heterozygote, or is said to be heterozygous. A given animal may be 
homozygous for some characters, heterosygous for others. A fly con- 
taining the chromosomes of Fig. 189 would be homoaygous for four 
characters, heterosygous for four others. 

With the foregoing facts concerning the germ cells and their chromo- 
somesin mind, it is possible to analyse the results of breeding experiments. 
The better known cases rest, as is shown below, upon a very simple f oun* 
dation. 

iHib statement would have lo be altered to be i^pUeable to plaati, aiaee the 
time of leduction of the ohromoeomee varies. 
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Color in Guinea-pigs. — Among the well known animals, the guinea- 
pigs furnish excellent material for the study of heredity. There are 
many color varieties of these animals, which breed true; that is, whenever 
one member of a pure breed is mated to another Uke itself, the offspring 
are all like their parents. Uniformly black animals constitute such a 
true-breeding variety (Fig. 190). Albinos form another such variety 




Fio. 190. FiQ. 191. 

FiQ. 19<). — A black, smooth-conted guinea-piK. 

Fio. 191. — An albino smooth-rontod guinea-pig. {Both figures by courtesy of Pro/eMnr 
W, E. Cantle and the Harvard Univirnty Preaa.) 



(Fig. 191). Albinos are animals in which the usual pigments of the 
skin, hair and eyes are wanting. As a result the body is entirely white, 
and the iris of the eye pink. Two albinos mated together always pro- 
duce albino children. 

If, now, a black guinea-pig of a pure breed is mated with an albino 
guinea-pig, the offspring will all l>e black. Ordinarily the black offspring 
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PlO. 192. — Diagram showing the resultH. through two hybrid generations, of mating a 
imrv black and an albino guinea-pig. 

are indistinguishable from the black parent. But when these hybrid 
blacks are mated together, the two original colors reappear. Some of 
the members of the .second hybrid generation are black, others are albino. 
Roughly the blacks constitute three-fourths of the total, the albinos one- 
fourth. 

These results are stated in tabular form in Fig. 192, in which the 
parents are referred to as Pi, their offspring as Fi (meaning first jilial 
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gcnoration), and the second hybrid generation as Ft {second filial gisners^ 
tion). Albinism disappears io the Fi generation, a fac t which is expressed 
by sajnng thut the black coat is dominant, or that albinism is recessive. 
Its disjippcarancc, however, does not indicate its absencOi for albinism 
reappoars in the {rrnpratinn. 

Explanation of the Experimental Results. — The explanation of these 
rcsuitii 18 fairly simple. The ^cnes are in practice (iesignated by letters. 
When two characters are contrasted, both are commonly designated by 
the initial letter of the dominant character. (Some geneticists, however, 
employ the initial letter of the more recent character, whether it is domi- 
nant or not.) The dominant character is represented by a capital letter, 
the recessive character by a small letter. Thus, in the case of color in 
the guinea-pig, when blaek is contrasted with albino, black may be repre- 
sented by B, albino by &. 

The hereditary formulas may now be written for the guinea-pigs 
whose color inheritance was described. The formula of the Pi black pig 
was BB, the formula bemg double because the animal had two parents. 
In similar manner the formula of the albino parent is to be written 66. 
When these anlmalB produce germ cells, however, the two genes separate 
from one another, due to the separation of homologous chromosomes 
in one of the maturation dividons as explained above, so that each germ 
cell has only one gene. All the germ cells of the black parent have the for- 
mula B, those of the albino parent the formula 6. 

When these germ cells unite in making the cross, the genes B and 6 
are brought together, and the formula of ail the F\ individuals is Bh. 
One gene B is capal)le, however, of producing enough black pigment to 
render the Fi pigs inflistinguishalile from the P\ black. That is the 
reason for the donniKitice of black over Mn>inism. Tf one B could pro- 
duce only a fraction cf tho amount of pigment produced by two B's. so 
that the F\ pigs were lighter in color than their black parent, the char- 
acter black would be only paitially dominant over albinism . Cases of 
partial dominance are not uncommon in other organisms. If one B 
alone were incapable of producing any pigment at all, all / i a would then 
be albinos, and albinism would be the dominant character, black pigment 
would be recessive. In that case, also, three-fourths of the Ft would be 
albino, one-fourth black, and one would probably have selected some 
other symbols than B and 6 to represent the genes. 

When the Fx individuals, whose formulas are all B&, produce germ 
cells, the phenomenon of s^qs^tton occurs just as in the germ cells of 
their parents. This time, however, since the genes that segregate from 
one another are unlike, some of the germ cells receive the one gene JB, 
others receive the one gene 6. The F\ pigs thus produce two kinds of 
germ cells, which, if all cells survive, are present in equal numbers. Half 
the eggs of each female contain B, half contain 6. Half the spermatosoa 
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of each male contain half eontain b. These formulas are shown in 
the iinst five lines of the accompanying figure (Fig. 193). 

When these two kinds of eggs are fertiUzed by the two kinds of sperms, 
there are four possible combinations, which according to the theory of 

chanro should ho equally numerous. These four combinations (naming 
tlie contrilnition of the ejz;n first, tlie s{X'rm second, in each fnriiiiilrO are 
BJi, Bb, bBy and 66. Since, howev<T, in a fertilized egg it is immaterial 
wlicther a given gene came from the egg or the sperm, the eomhinations 
Bb and bB are identical, so that there are really but three combinations 
instead of four. This duplieated combination, which is written Bb in 
Hg. 193, is twice as common as either of the other two. Since one B is 
capable of producing enough jngment to make a fully black animal, ail 
Ft animals having the formula BB or Bb are black. Three-fourths of 
theFs graeration are therefore black; one-fourth (66) are albino. How- 
ever, as pointed out above, the Ft blacks are of two kinds, practically 
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Flo. 193« — Diagram ahowiug the genetie fonuuiaa of »U individuals and their gemi 
oells* as iar as Uw Ft gsiieratioii, involved in the eroas between a puie biaolc and an 
albino guinee^g. 

ahkc in appeaiancc, but differing in their hereditary behavior. One- 
third of these blacks are homoz> izous (BB) like the black parent, two- 
tliircLs of them are heterozygous {Bb) likt' I he Fi individuals. 

The Fa Generation. — If two individuals of the Ft generation be mated 
together, their o£fspring constitute an F3 generatioti. Not all Ft faoulies 
are alike, however, for there are three kinds of Fn individuals from which 
to select pojents. Thus there are six possible matingB between Ft indi- 
viduals. With the results of four of these we have already become 
familiar in the matings previously described. For example, one might 
mate two Ft individuals each of which was of the composition BB; in 
this case, of course, all the Ft individuals would be homosygous blacks. 
Or the two Ft parents might both have the formula 66, in which esse 
the Ft offspring would all be albinos. Or one of the Ft parents might 
be homosygouB black (BB), the other albino (66) ; in this case the Fs 
generation would be all black, but heterosygous {Bb), just like the ^1 
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generation of Fig. 193. Or the Fn parents might both he Bh, so that the 
Fs generation would be of three kinds, just hke the F2 generation in Fig. 

193. 

The oih(T two possible luatings between Fs individuals are Bb X 66, 
and BB X Bb. Crosses of th^e two types are often made between Fi 
ftnimalB and thmr two parent varietieB, and are then spoken of as bcuJc 
crosses. The results of the former cross, that of a heterozygous biack 
with an albmo, are shown in Fig. 194. 
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Fio. 194^Dia8rfuu showiug the roault of ntatiujs a hetorosygous black guinea-pig Krith 
an albino. This raault is one of the poadbilitJee in the produtdon of an Fw aenefatiott. 

The first formula in Ft is a( coiirse that of a heterozygous black, the 

second that of an albino. 

The other remaining possible mating in Ft for the production of an Fs 
penor.'ition is that between a homozygous black ( BB) and a heterozygous 
I ilack ( Bb). The nature of the Fg in such a ca^e may be determined from 

Fig 

Ail of I he Fa animals in that diagram are black, but half of them are 
homozygous, half of them are heterozygous. 
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Tin 105. — Diiinmni .xfi A the rosult of mating a homozygous blaok rind :» hctiTDzy- 
goua black giunea-pig. Tim ruuult U one of the poiuiibiiities in the pruductiou of an Ft 
feneration. 



It is not desirable to carr>' this account beyond the F3 generation. 
The nature of tho Fi and surcoodinp prnerations would depend on princi- 
ples ilhi^trated iu the productit)ii of the /'\h. No now matings arc possii)Ie. 

The actual results described in this account arc not in themselves 
important. But it is important that the student should be able, in tho 
ease of any two parentis whose hereditary formulas for a single character 
are known, to predict the nature and fonnulas of all of their progeny. 
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Thorough famiharity with the principles involved in guinea-pig mat- 
ingH described abovr slioidd insure this ability. 

Accuracy of the Ratios.— In describing the offspring of various matings 
it has seemed advisable to start from the formulas in mai>y cases and 
state the result that is expected on theoretical groimds. When an f'j 
was described as being composed of 75 per cent, of black individuals uiul 
25 per cent, of albinos, no particular experiment was in mind. The pro- 
portion stated 18 the one theoretieally expected. In a large number of 
individual, if there are no disturbing circumatances, sueh aa a greater 
death rate in one of the damcw than in the other, the actual observed num^ 
bera are rather dose to the theoretical ones. One actual experiment 
which should theoretically have resulted in an of two classes, of 75 
per cent, and 25 per cent, respectively, did actually result in 72 per cent, 
and 28 per cent. respectiTely. How nearly observed results approach the 
theoretical may be determined by the student, without the labor of a 
breeding e]q>eriment, by tossing pennies. If two coins of r^ular form, 
with edges perpendicular to the flat surfaces and with sharp comers, be 
tossed upon a hard smooth surface, heads and tails should turn up in 
the following proportions: in one-fourth of the throws both heads, in 
one-fourth both tails, in one-half one head and one tail. The mathe- 
matician can compute how far observed results may diverge from the 
theoretical without indicating any defect in the theory, but for most 
persons the trial by pennies is more convim in^'. 

Simultaneous Inheritance of Two Pairs of Characters — In many cases 
it is important to trace the inheritance i)f two pairs oi contriisted charac- 
ters at the same time. This is not a needless complication of what is 
otherwise a simple matter, for some of the most importart advances 
in our knowledge of heredity iiave followed from such simultaneous tests. 
An example in guinea-pigs will make clear the usual relation between two 
independent paus of characters. 

In most guinea-pigs the hair on the back all slopes in one general 
direction, producing a smooth coat. The animals in Figs. 190 and 101 
both have smooth coats. In some, however, the hair is arranged in whorla, 
sloping away from a central point in each whorL The occurrence of 
several such whorb on the back gives an animal a very unkempt appear- 
ance, and it is said to have a rough eoat (Fig. 196). Rough coat is found 
to be dominant over smooth, and all of the numerical results obtained 
with black and albino colors, in Ft and can readily be duplicated with 
rough and smooth coat. 

When these two pairs of characters are studied in the same animals, 
they behave independently of one another. If a smooth black pig, 
homozygous for both these characters, be mated with a homozygous rough 
albino animal, all the offspring will }>e black and rough (si'c Fig. 197, Fi). 
The one dominant character is contributed by the one parent, the other 
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Fio. IWi. — Two Kuinca-piRS with rouRh coata. The haini are in many places arranRed 
in whorln. slopinK away from a central point. Rough roat in dominant over the 8m(M)th 
ooat of Figs. 190 and 191. (Courteay of Profrmtor \V . E. ('(utile and the Harvard I'mvi-rmty 
Pnaa.) 




Fio. 107. — Illustration of the simultaneous iniieritance of two pairs of contrasted char- 
acters. The pareiitM arc hiark Mni(M>th. and while rouRh. rcsiK'riivoly. Hlark and rough 
are dominant. The Fj generation c-«»nHi8t« of four vii*ihly different tjpes. in the ratio of 
9 hlark rough: .3 black smooth : 3 white rough : I white smooth. {From Babcock and 
Clausen, aflcr Baur.) 
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dominant chnractor by the other parent. If, now, the Fj black rough 
animals are mated to^^ether, the Ft includes all the iwssible combinations 
of the two characters; some animals are black rouirh, s(jme black smooth, 
some albino rough, soim; albino smooth, as indicated in Fig. 197. These 
combinations are not equally numerous, however. Of every 16 Fj 
individuals, in the lom^ run, 9 have l>oth dominant charact<»r8 (black rough) , 
8 have the one dommunt (black smooth), 3 have the other dominant 
(albino rough), and one iiius both recessives (albino smooth). The re- 
sults may be understood in part from Fig. 198 which, if the account of 
the inheritance of a single pair of eharacteiB has been mastered, will 
require no further explanation. 

The last line in Fig. 108 may need explanation. In the segregation 
of the genes at the time of maturation, in Fi pig^, B segregates from b 
entirely independently of the segregation of B from r. Thus B may 
happen to go into the same germ cell with A, or with r. In like manner 
b may be carried into the same germ cell with R, or with r. Theoretically, 



Virible eharactera of pftrenta 


BlMSk smooth Albino rough 


Formulas of parents 


BBrr JARB 


Ponnulaa of gwm cellB of parents 


Br bR 


Formulas of Fi individuals 


W>R- 


Formulas of germ cells of Ft 

0 


BR, Br, bR, br 



Fio. H>R. — -DinKrnm showinK the formulas of tho irnlividiials and gorm cells involved 
iu a cross t>ctweeti a black, Hmooth-coat«d guinea-pig and an albino, rough-coat«d animal. 
The Ft animab ai« not teproaantcd. 



in the case of wholly independent characters sucli as these two. the four 
combinations BR, Br, bli, aiul br should occur with equal frequency. 
Of the eggs pnHiuced by an F\ female (BbRr) in th(? above rase, 25 per 
cent, should possess each of the combinations named in tlie iast line of 
Fig. 198. In like manner, the Fi males should produce sperms of the 
same foor hereditary compositions, 25 per cent, of the sperms being of 
each kind. 

When the four kinds of eggs are fertQiied by spermatosoa, any kind 
of egg may be fertilised by any kind of spermatoso6n. Br (egg) may 
combine with br (sperm), or with BRj or Br, or bB* Theoretically these 
combinations should occur with equal frequency. Each of the other 
kinds of egg may be fertilised by any one of. the four kinds of spermatozoa. 
Sixteen combinations are thus possible. For the practice of be- 
fj;inners, those combinations may well be written in the form of a checker- 
board, in the following manner. Write each egg formula four times in a 
horuantal row, at some distance apart. Then write each sperm formula 
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four times in a vertical row, placing the fonnula of the 8pennatoso6n 
under the formula of the egg. The result follows (Fig. 190). 



Egg of Fi 
Speim cf ^1 
Nature of Ft 


BR 
BR 
Blade, raugb 


BR 
Br 

Black, nnigb 


BR 
hR 

Black, rou^ 


BR 
tr 

Black. roQsb 


Egg of Fi 
Sperm of Fi 
Nature of Ft 


B, 
BR 
Black, rough 


Br 
Br 

Black, smootb 


Br 
bR 

Black, rough 


Br 
br 

Black, smooth 


Egg of Fx 
Sperm of Fi 
Nature of Ft 


bR 
BR 
Black, rough 


bR 
Br 

Bl&ck, rough 


hR 

hR 

Albino, rough 


bR 
br 

Albino, rough 


Egg of Fi 
Spenn of Fi 
Nature of Ft 


6/ 
BR 
Black, rough 


br 

Br 

Hlack, smooth 


br 

bR 

Albino, nnigh 


br 

br 

Albino, smooth 



Fl0. ItW. — Diagram ■howinx the Hixtoon po8sil)li> mnibinatioiM of Fi eggs and Hperma> 
tosoa, hence the sixtonn possitiU kinds of^i individuals, in oraasMwIieM two independent 
pain of characteni are involved. 



The four letters in each group are the hereditary formuki of one 
kind of Ft animal. Whenever at least one B and at lesat one R are in-t 
eluded in this formula, the animal is black and rough. There are nine 
of these out of each sixteen. When at least one B is present, with two 
r^B (hence no R), the animal is black and smooth. There are three 
of these in each sixteen. When at least one R is present, with two 
Vs (hence no B), the animal is albino and rough. There are three of 
these in each sixteen. When neither B nor R is included in the formula 
(that is, when two Vb and two r's are present), the i^nimi^l js albino and 
smooth. There is one such animal in each sixteen. The ratio 9:3: 
3 : 1 is the characteristic ratio in Fj, when two independent pairs of 
characters aro studied simultaneously. While this ratio, and the propor- 
tions stated }ilK)Vf', are given with mathomatical precision, it is nowhere 
intended to imply that every sixtcon animals will be divided exactly this 
way. One class might easily be wanting entirely in so small a number. 
Actual results of brecdintr experiment^, however, accord as nearly with 
the expected proportions as the laws of cliance require. 

Linkage. — The two characters studied simultaneously in tiu» fore- 
goin^j case were said to be indejjendent. That is, in its hereditary beha- 
vior, neither character influenced the other in any way. Such is not 
always the case, however. Occasionally two characters g«> together much 
more frequently than would be expected if they were independent. 
Such characters are said to be linked. Usually, in an Fi individual which 
is heterozygous for two characters (like the ^Rr in the above example), 
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if linkage occurs, the genes that were together in the parents go together 
more frequently than do the other combinations of genes. Thus, as 
shown in Fig. 198 the genes in the parental germ cells were in one parent 
Br, in the other parent bR. If linkage occurred between the color of the 
anin&al and the direction of its hair, the four kinds of germ cells formulated 
in the last line of the figure would not be equally numerous. Br and bR 
would be more numerous than BR and br. A corresponding change 
in the ratio of Fi individuals would result. The ratio would no longer 
be9:3 :3 :1. 

Linkage is almost certainly due to the fact that the genes for the 
linked characters are in the same chromosome. The eight characters 




Fio. 200. — Gregor Johann Mendel, 1822-1884, to whom is due much of the promnt 
activity in the study of genetics. (Reproduced from the repott of the Royal Horticultural 
Society Conference on Otnelxcs, 1906. By permission of the Pretident and Council.) 

whose genes are represented in Fig. 189 are thus linked. If the chromo- 
somes always remained intact, all characters whose genes are in the same 
chromosome would be absolutely bound together. But such appears not 
to be the case. Very often, perhaps usually, the chromosomes separate 
into fragments of greater or less size and these fragments recombine in 
other ways, so that the association between any two genes in a chromo- 
some may be broken. Further discussion of linkage would, however, 
be unprofitable here. 

Gregor Mendel. — The simple operations of heredity described in the 
foregoing paragraphs are in accordance with what is known as Mendel's 
Law. An Augustinian monk, Gregor Mendel (Fig. 200), who labored 
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in the monastery at Brftnn, in Austm, in the latter half of the last oen- 
tury, found time to experiment with garden peas on the monastery 
grounds. He knew a number of varieties which differed from one another 
in the height of their stems, the form and color of the seeds, the shape and 
color of the pods, and the position of the flowers. Ftom crosses between 
these varieties Mendel derived the simple law of heredity which bears 
his name. He published the results of Ids experiments in 1865 and 1866, 
but they attracted no attention. Probably because biologists were 
engrossed with Darwin's theory of Natural Selection, which had hi^vu 
announced a few years hofore, Mendel's work lay unnoticed for a third of 
a century. Then, in 1900, thnn' Eurnpoan biologists, working indepen- 
dently, rodiscovered the prinriplf \yliich Mendrl had published. At the 
same time Merifiel's paper was brought to lij2;ht, and his three .sucres^^ors 
ill this fielci i^enerously ^ave him the credit that was his due. Since HHHJ 
Mendel'.s Law has b<'eii abundantly verified. Althoiigii ius .scheme of 
inheriUuK o ha.s been elaborated since tliat tiute, the fundauieatal feature 
of it is uuw geneially recognized as apphcable to the bulk of the known 
facta regarding heredity. 

Mendel's Law. — The fundamental feature of Mendelian heredity is 
the segregation of the gen^ in the production of the germ cells. The two 
genes concerned with a given character separate from one another, going 
to different germ cells. Different pairs of genes segregate, at least 
frequently! independently of each other, so that genes may be brought 
together in the germ cells in combinations that never existed before. 
The fertilisation of eggs by sperms may introduce further variety into 
the eomlHnations, for in the fertilised egg the variety among the ova is 
multiplied by that of the sperms. As a result, the inherited characters 
of animals may be grouped in ever new combinations. Because such 
inherited traits as color of hair, color d eye, length of ear, length of hair, 
and direction of hair can be combined in new ways in hybrid individuals, 
they have sometimes l)een called unii characters. That these characters 
behave as units is due to the segregation, resulting in new combinations, 
of genes in the germ cells This is the essential feature of IMendcl's 
Law. 1 h;it law does not require dominance, for there are eases in which 
doftiinjince is lacking but all other phenomena are typical. No particular 
rati()>, such as 3 : l,are necessary,. since many things may ( un-ime to alter 
these rat ios. Mendel's Law refers to the segregation and recombination 
of the g<nies. 

Determination of Sex. — Closely related to heredity are the phenomena 
of sex-determination. What causes some embryos to develop the organs 
characteristic (d a male, while other ^bryos that look precisely like 
them in early stages develop female organs? The answer to this question 
is not the same for all animals, and for many of them the question is still 
unanswered. One explanation, however, b applicable to a large ntmiber 



Digitized by Google 



GENETICS 



253 



of aaimals, OBpedaUy among the insects. This method of sex-determina^ 
Uon wiU be described. 

In most insects the male ^nd female are characterized by different 
numbers of chromosomes. In n certain species of bii^ the female has 22 
chromosomes in every cell of her body, the male only 21. Now, as was 
pointed out in the chapter on embryology, in the maturation of the germ 
cells, the number of chromosomes is reduced to half. In the female of 
the species hore referred to, earh mature egg tlms receives 1 1 (■hromo.some»s. 
In the male, \\\\h its odd mindxT, an equal division of the chromosomes 
into two crroupv*! is out of the question. Twenty of his chromosomes unite 
in pairs in the early stages of maturation, and produce ten tetrads. The 
twenty-first chromosome never pairs with another chromosome, nor 
produces a tetrad. In one of the maturation divisions it passes undivided 



Fig. 201. — The mBtuntion iBvisIoiw of the male Rerm oella nf the hug Anaaa. a, 

|>olar \ iow of iiietaphaMe of first diTisioii; all the i-hrotuatir- )M><Iit'.s aro <luul>Io cxcopt one, and 
therefore repreaeat 21 ohromoeomes, the somatic number; h, secoud maturutiou divisioa 
in aide view, not all of the ehromoaomea ahown; the aingle ehronoaome of a ia Koing un- 
divided to the ! iwrr polo; c and d, polar vnow nf the two anapha.***' (.rroupp nf tKe second 
division; 11 chrumutiunies go into one spermatid (female-producing), 10 into the other 
(maI»'prodiMliiK). {Afitr Wihon in Jmtnud «/ Exjmimfnlat Zofllooy.) 

to one daughter cell. Figure 2()1 represents the reduction division. As a 
result, there are produc<*d two kinds of spermatozoa. Half of them have 
10 chromosomes, half of them 1 1 . ^\1len an egg (with 1 1 cliromosomes) 
is fertilized by a sperm i tozoun having 11 chromosomes, the resuhing 
individual has 22 chrunKj^omes, and becomes a female. When an egg 
is fertilized by a spermatozoon having 10 chromosomes, the individual 
developing from the fertilized egg has 21 chromosomes, and is a male. 
In insects whose sex is determined in this way, at the time of fertilization, 
all efforts to alter the sex subsequently have failed. 



Some plants have an equally infallible method of sex-determination. 
Some of the have the sexes regularly separated. That is, one 

.plant will produce only eggs (female), another plant only sperms (male). 
The fertilised egg develops into a sporophyte in which numerous spores 
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are produced. A spore developB asezuaUy into a thread-like structure 
(protoTiema) on which a number of moes plants grow. All the moes 

plants from a single protonema are, in certain species, of the same sex. 
The spor(^ evidently contains something which determines the sex of the 
phiTit^ prowinx from its protonema. What that something is has not 
been dcteriiiined. There is no evidence that sex is nssnrijitcd, in these 
mo^es, with the numlx^r or kind of chromosomes, although such aa 
association has lately Ix-en liiscovered in another plant. 

Sex-linkage. — In many animals in which sex is dependent upon the 
niiini)or of certain chromosoiues present, there is hnkage of sex with 
certain other inherited characters. As a result, in certain crosses the 
males and females inherit the body characters unequally. A case of this 
kind is found in the eye color of the fruitfly Drosopbila. These flies arc 
normally red-eyed, but white-eyed individuals are known. When a 
white-eyed male is mated with a red-eyed female, the Fi are all red-eyed. 
In Ft, however, though there are three reds to one white, the two sexes do 
not share equally in the two colors. The Fi fenwles are all red-eyed, 
while half of the males are red-eyed, half white-eyed. Plumage charac- 
ters in fowls are not infrequently linked with sex in similar manner. 
A detailed explanation of sex-linkage would be out of place here. It is 
enough to say that it r( suit b from the fact that the genes for the sex-linked 
characters (eye color in flics, plumage characters in fowls) are located in 
the chromosomes which determine sex. All the characters whose genes 
arc represented in Fig. 189 are sex-linked, since these chromosomes are 

the Hex-<'hro?iinsoTiio>;. 

Mechanism of Heredity: a Retrospect. — In the foregoing discussions 
it has twice been asserted dogmatically that the genes are in the chromo- 
somes. The evidence for this statement is abundant, but only a small 
part of it can be advanced here. In sea-urchin eggs, certain chromo- 
somes have been lost in the course of experiments, and with them were 
lost some of the characters of the larval skeleton. Still bett<^r evidence 
is found in the fact that the chromosomes behave, in maturation, in 
such a way us to furnish au explanation for many of the fundamental 
facts of heredity, if only the assumption be made that the genes are in 
the chromosomes. Some of these fundamental facts may be referred to. 

First, the segregation of the genes in the germ cells is accounted for if 
the genes are in the chromosomes. It has been shown that, in matura- 
tion, the chromosomes come together in pairs. Presumably the two genes 
for a given kind of character are in these two chromosomes. In a 
heterosygous black guinea-pig {Bb) the gene B is assumed to be in one 
chromosome, 6 in another. These two chromosomes pair with each 
other. In a heterozygous rough guinea-pig ( Rr) , j? is in one chromosome, 
r in another, and these chromosomes pair early in maturation. Like- 
wise in a homoiygous organism {BB or rr), the two genes that .produce 
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the same character are in different chromosomesi and these chromosomes 
meet in a pair in maturation. It has also been shown that in one of the 
maturation divisions the tetrad that is formed by a pair of chromosomes 
is divided in such a way that the original chromosomes are separated 
from one another. In this separation is the mechanism by which the 
genes are segregated — ^if only the genes are in the chromosomes. 

Secondly, the phenomena of linkage can be explained if the genes are 
in the chromosomes. Characters that hang together in their distribution 
to tho germ cells, to a greater d^;ree than would be expected on the theory 
of chance, are assumed to be represented by genes in the same chromo- 
some. The argument from linkage has been elaborated by a long 
series of important discoveries in the last decade to such a degree that 
it now amounts ahnost to proof that the chromosomes contain the 
genes. For this evidence, however, the student should consult works 
on genetics. 

What the genes are is largely a matt(>r of conjecture. Since the 
chromosomes are presumal)ly comi)osud of very complex proteins, it is 
not unnatural to sup|)ose that the genes are proteins. Some hav(> held 
that they might he, not distinct siil)stances, but merely the side-cliains 
of protein molecules in the chromosomes. Others have suggested that 
they are enzymes. But there is little evidence on which to base a theory 
of the nature of the genes, and further discussion of the matter would be 
diiefly speculation. 

How the genes produce the characters they represent is likewise 
little understood. It is evident that they influence a long series of 
chemical reactions (metabolic processes) in the development of the organ' 
ism. Since the cytoplasm must participate in many of these reactions, 
objections have occasionally been raised against the view that the genes 
determine the characters. However, with the exception of the plastids 
the c>'toplasm appears not to exercise any specific influence^ in producing 
the characters of the adult ; it is merely a medium in which the genes act, 
and material out of which the genes produce their characters. Although 
the cytoplasm exercises no specific influence on the genes, it is probable 
that interactions among the genes themselves regularly occur. A gene 
by itself, even if it were in the usual kind of cytoplasm, would dou!)t1ess 
produce nothing. The absence of only one or two of tlu' trfm - ordinarily 
present is known, in man}- cases, to change entirely the ! li;ir;icters pro- 
duced by those that remain. The genes are perhaps, tin n, not as dis- 
tinct and independent as the student was led to sui)pos(' from tlie 
somewhat mathematical accounts of the phenomena of heredity given 
earlier in the chapter, but are members of a highly organized syatem. 

'There i-i room to dehiitc tlio infliipnce of the cytoplasm in luTedity. Init fiich a 
debate would introduce a whole new group of phenomena many of which are not 
dear. It seems unwise to diaoxias iheee phenomena here. 
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Definitioii of Heredity. — ^FoUowiiig the account of the mechaniam of 
inberitanoe the term heredity may be defined with greater precision than 
was possible at the beginning of the chapter. Heredity is the occurrence, 
in the offspring, of the same genes that were in the parents. Definitions 
which involve a likeness between parents and offspring have always been 
objectionable because environmental conditions may intervene to destroy 
such likeness. Thus, the offspring of a red-fiowercd Chinese primula will, 
if reared under<MtUnary conditions, also produce red flowers. But if these 
offspring are reared at a high temperature their flowers are white. He- 
redity has not boon destroyed, however, for if the plants are returned to 
normal temperature they soon l)ejiin to produee red f!fnv<Ts attain. A 
dehnition that involved likeness of parent arid offspririt: would imply the 
absence of heredity in the case of the primulas. Tlie definition requiring 
Hkeness of genes in parents and offspring permits such environmental 
effects. 

Variatioa. -All the knowledge of heredity which we now possciis has 
been made possible through the fact thai anmials differ from one another 
in discernible features. It is a commonplace to say that, had such 
differences been wanting, little of the operations of heredity could have 
been discovered. Characters might have been transmitted in precisely 
the way they are known to be, but without individual differences the 
mode of transmission would have remained unknown. Perhaps no curi- 
osity concerning it would ever have existed. Variation is therefore one 
of tile cornerstones of genetics. 

Variation is due to several causes, prominent among them hybridisa^ 
tion. It ha^ been shown that, in an Fs generation, members of the same 
family difTrr from one another merely because they contain different 
genes. When the grandjjarent.s differ in only one character, there are only 
two "varieties" in F^; when the grandparents differ in two characters, 
the Fi generation includes four visibly different combinations, as was 
seen in the case of rough, smooth, black, albino in guinea-pigs. "^Mien 
many flifferences between the grandparents are involved, the Ft presents 
exceedingly numerous possihilitit s. 

The differences involved in such cases nmnt, however, have had an 
origin. If it is true that animals have reached their present condition 
l)y u process of evolution, a thesis that is developed in the last f?(^veral 
chapterH of this i)ook, it is inconceivable that this change has been brought 
about uuircly by the recombination of genes ia different ways. It is 
inconceivable that the earliest organisms, whatever they were hke, 
contained genes for all the characters that are now possessed by their 
descendants, only waiting to be shaken and thrown like dice to produce 
the combinations now known. Changes must have been introduced in 
some other way. There is, moreover, abundant evidence that changes 
' of this kind have been recognised in specific cases. A number of yean 
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ago a white-eyed fniitfly appeared in cultures comprising thousands of 

individuals, every other fly in which was red-eyed. Furthermore, every 
ancestor of this white-eyed fly for scores of generations had had red eyes. 
New characters appearing suddenly in this manner are called mutations. 
The common evening primrose Oenothera is every year producing plants 
unlike their parents. There are those who regard these new characters 
arising in the eveniriK primrose as due to recombinations of p;on('s already 
present ; but even if tlieir view in certain specific cases should prove 
corriM t, it is hardly to be doubted that the differences arose in the first 
place us mutations. Scores of other examples of supposed mutations 
could be cited, though the evidence that they are mutations is not in 
every ca^ so clear. Variations of this kind are strictly inherited. In- 
deed, the requirement of inheritance is part of the definition of the word 
mutation. 

The nature of mutations can only be surmised. Since they are 
inherited new features, one naturally thinks of them as due to modifica- 
tion of the genes. If the genes are complex chemical substances, as 
suggested above, changes in their structure due to unusual chemical 
reactions should not occasion surprise. But further discussion of such 
irregularities must be deferred to the chapter on evolution. 

Certain kinds of variation are due to another cause, namely, the 
environment. It is seldom that two organisms occupy exactly the same 
kind of environment Points in the same pond are unequal in available 
food, in amounts of dissolved gases, in temperature, in light, in predatory 
animals. The eggs from which animals hatch are unequally provided 
with yolk, and this is essentially a condition of the young animal's 
environment. Differences in parental care after birth or hatching, may 
produce differences in the adult. Such effects of the environment, how- 
ever, are probably not in any case among higher organisms, or at most 
onl\ rarely, inherited. With them the geneticist has httie to do, except 
to guard against being deceived by them. 

Genetics and Evolution.^ — -The pre<'eding discussions of lieredity and 
its mechanism, and of variation, will readily indicate how closely the 
subject of genetics is bound up with the subject of evolution- It is 
obvious to even the most casual reader that if chang(^s (;i a permanent 
or nearly permanent nature are produced in organisms, these changes are 
properly the subject matter of both genetics and evolution. This close 
connection has led to a broad conception of genetics which is nearly 
equivalent to that of evolution itself, and, as stated in the opening para- 
graphs of this chapter, such broad definitions of genetics have been 
formulated and used. It is not proposed, however, to enter into a further 
discussion of genetics in relation to evolution until in a later chapter 
evidences of evolution from fidds other than experimental breeding can 
be collected and described. 

17 
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Genetics and Race. — It is a corollary of the foregoing diacuaaion 

that races of men are depeDdent for their existence as races solely upon 
the inheritance of their distinguishing features. The blue-eyed faiiv 
skinned race inhabiting the Scandinavian countries has been blue- 
eyed and fair for centuries, and will doubtless continue to be so in the 

future, because these traits are inherited. The dark people of southern 
Italy and Spain are dark because their ancestors were, not because of 
peograpliical location. The long skulk and round skulls of northern and 
central Europe, respectively, owe their distribution to inheritance. 
Mental .ind moral feature^! of different raeef are equally hxed by heredity. 
Ihc dogged determination of one race, the emotionalism and idealism of 
another, the arrogance, the love of gain, the irresponsibility, the deception, 
the sturdy honesty of other races, are all inherited traits. It is only 
because of this fact that one may speak of i acial charact-eristics at all. 

Along with the heredity of these characteristics goes a certain aiiKiiint 
of geographical isolation. Races do not wander rapidly nor uniformly. 
They tend to go in groups when they do wander, and even when they 
mingle with other races free intermarriage may be long postponed. Were 
it not for this geographical separation, or avoidance <^ intermarriage, it 
would be but a short time until there would be no races. AU the racial 
attributes would still exist and be tranamitted as before, but they would 
no longer be combined in individuals as they now are. Even at present 
there is a good deal of intermingling of races, with intermarriage, and race 
distinctions have to a considerable extent broken down. The use of the 
words English and French, for example, to refer to races is vitiated by 
this intermingling for it is certain that both of these nations are mixtures 
of originally distinct races. It is difficult now to place the inhabitants 
of these countries into one or another of the contributing races, for inter- 
marriage has occurred, and there are numerous inteigradations between 
the racial types. 

As a result partly of migration, without intermarriage, political 
boundaries do not coincide with racial boundaries. This is a fact of 
capital importance in hi.-tory. Few nations possess racial imity. Since 
race implies mental and moral attributes as well as physical, most nations 
are working at cross purposes. The chief weakness of the former empire 
of Austria-Hungary lay in its eight or nine more or less distinct races. 
The difference in ideals is not a temporary condition. Although racial 
ideals and ambitions are in part traditional, the3' are largely the result of 
inheritance, and are for that reason likely to be rather permanent. Pro- 
pinquity of racesmay sometime enforce a cosmopolitanism that is desirable, 
but so long as political lines of cleavage ignore racial distinctions, there 
is danger that the nation wiU be a house divided against itself. 

Practical Applkatioas of Genettca. — ^Although genetics as a science 
ia comparatively young, it has already yielded results in the development 
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of domeatioated animals and plants that are of economic value. These 
results have been more simple and clear in the case of plants than in that 
of animals, though the end products have been scarcely more valuable. 
Inheritance in animals is very complex in nearly all characteristics which 
are of commercial worth, and the practice of the breeds is still very 
largely the method of cut and try. But even by this empirical method 
the milk-production of cattle, the egg-laying qualities of poultry, the wool- 
clip of sheep, the productivity of the silk-worm and many other economic 
feature's of animals have been marvelously improved. In plants the 
economically important features are more ofton inherited in simple 
fashion, and it is possible to apply promptly the principles of heredity 
which have been elaborated since 1900. By these means the produc- 
tiv'ity of wheat and other p;rains, and of hay, has been approriabh' in- 
creased. It has been possible to combine in one variety of wheat, for 
example, sneh desirable qualities as high jneid, stiff straw, winter hardi- 
ness, and resistance to rust; in oats, high yield with the absence of hulls; 
in tobaeeo, high number and desirable shape of leaves with proper 
texture and ' ' grain. " And the end is not yet. 1 he prospects for further 
valuable improvements are bright. 

In human beings thv ap])lication of the knowledge of heredity has 
scarcely begun. Progress has been slow for the reason that such appUca- 
tion must either be voluntary, which requires much education of the 
public, or must be enforced by legislation, which always meets with 
objections from those to whom personal liberty ' ' is dear. Furthermore, 
lees is definitely known of heredity in man than in domestic animals, 
because knowled^ can only come from family histories, not experiments, 
and family records can seldom be traced for many generations. While 
much that is known could well be applied voluntarily by intelligent 
people, legislation should limit itself for the present to those characters 
which are of the greatest social importance and whose heredity is best 
known. Feeble-mindedness is such a characteristic, and radical steps 
looking toward its eradication would be justified even in the present 
state of knowledge. 
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CHAPTER Xn 
TAXONOMY 

Taxonomy (from the Greek taxit » arrangement and luwiuw — law) ifi 
literally an orderly arrangement. . As applied to living things it refers 
to the classification of animals and plants on the basis of fundamental 
similarities. The taxonomy of animals, with which this chapter deals, 
is wholly distinct} except in principle, from that of plants, though the 
simplest members of the plant and animal kingdoms are not readily dis- 
tinguishable from one another. Zoological taxonomy is often called tys- 
tematic zoology. 

Conccptioiis of Taxonomy. — An orderly arrangement of objects or ' 

facts presupposes a system of dassifiration, and the same objects or 
facts can usually be classified in difforont ways by the uso of difTcrcnt 
characters, qualitieR or reflations jis a basis. Moreover, different systems 
of classification may be adopted to suit particular purposes or to satisfy 
particular bents of mind. Thus because it is possible to classify animals 
in different ways, taxonomy has often been considered a mere cataloging 
of animal forms, and it has been assumed that the purjwse of taxonomy 
is merely to find a way in which the forms nuvy be coiwcnicntly arranged, 
described and cataloged. This conception is erroneous, but to state 
wherein lies the error requires that the aims of those who propose the 
various systems be compared. Much of this comparison must await 
the historical account below. It may be pointed out here, however, that 
all but one of the systems of classification that have ever been in use 
have been easentiaJly devices to save confusion. Things were put upon 
shelves, figuratively, and labeled and cataloged and perhaps cross- 
cataloged. So long as prevention of confusion was the chief aim, it made 
little difference whether the shelves were numbered in vertical columns 
or in horiaontal rows. Every classification which sought nothing more 
than convenience might therefore be artificial and arbitrary, and one 
person's classification might be quite as good as another's. The one 
exception to this arbitrary basis of arrangement is found in the system 
of classification that prevails at the inrscnt time. The modern system 
serves two purposes, instead of but oi;i It has frrown uj) largely since 
the general acceptance of the evolution doctrine, according to which 

2G0 
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species of animals are related to one another through common descent. 
Classification may now insure the convenience that was desired in the 
earliest attempts at organization, and at the same time express the kin- 
ship which the evolution doctrine implies. The advantages of a system 
which serves this double function are so great that it is now recognized 
that there can be but one true and natural basis for taxonomy, and this 
lie^ in the genetic relations and the successive steps of divergence from the 
more or less generalized types. Far, then, from being a mere cataloging 
or describing of animals, systematic zodlogy is concerned with the estimat- 




Pio. 202. — Carl vod Linn6 (Carolua Linnaeus) . 1707-1778, at the age of forty. {CourtMv 

of New York Botaniccd Garden.) 

ing of the relative importance of all structural details, the habits, and 
the distribution of the forms, as evidence from which the pedigrees may 
be reconstructed and expressed. 

Ray and Liniueus in Taxonomy. — It has been said that John Ray 
(1627-1705), an Englishman, was the first true systematist. liay pro- 
posed a dichotomous systematic table of the animal kingdom, that is, 
a system which branched by twos, and distinguished by anatomical 
characters several groups now recognized as natural ones. It is Carolus 
LinnsBus (Carl von Linn6, Fig. 202, 1707-1778), however, who is con- 
Eidered to l>e the real founder of classification. LinnjEus's most imfK)rtant 
work was the Syateina Natures which appeared in twelve editions between 
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ll'.V) unci 17GS and, after his death, in a thirteenth, edited by Gmelin. 
In this work LiimtEUS completed a clasoification which llay had estab- 
lished in part, giving names to important groups that Ray had left without 
appellations, and describing aninuUs in language whichi unlike many 
of the writings of his time, could not be misunderstood. Linnanis also 
had the courage to defy prejudice in such detaib as removing the whales 
from the group of fishesi and placing them with the terrestrial hairy ani- 
mals called mammals. For in the Linnaian classification structural char- 
acters, rather than habits or external forms, were used as a basis. Six 
categories or classes were employed, four of them vertebrate (borrowed 
from Ray) and two invertebrate. These classes were divided into orders, 
the orders into genera and the genera into tpeciee. The lesser groups 
wm usually much more inclusive than the groups now given the same 
nominal rank. Thus, a Linnscan genus oroasionally includes three or 
four orders, as these groups are now reek;f)ned. Moreover, the genus 
often contained animals now placed in widely sei)arated categories. One 
genus was erected to inchidc certain sea-cucunihcrs, a worm, a colonial 
jellyfish, and se\ < ral primitive near-vertebrates; some of these are now 
placed near the l)o(tom, others near the top, of the animal scale. How- 
ever, since Linnajus did not hold any evolutionary views, such discrepan- 
cies did not trouble him. 

Later Temporary Systems of Classification. — Following Linnseus, 
many naturalists concerned themselves with systematic xo51ogy. Some 
of them adopted the Linniean system in general, but altered it to suit 
their tastes, sometimes improving it but quite as often not. Others 
invented new classifications. Georges Ouvier (1769-1832) established 
four major groups, called branches, which he divided into classes, nine- 
teen in number; and some parts of his classification remained in vogue 
in his own country for three-quarters of a century. Superior to Cuvier in 
his conceptions was de Blainville (1777-1850) who in several instances 
happily discovered the structural characters that were of genuine impx)r- 
tance in distinguishing natural groups. He proposed a classification 
involving three subkingdoms, distinguished by the arrangement of their 
parts about a center or axis. These subkingdoms were the Artiomoryhcs^ 
having a bilateral form like the majority of animals; the Actinumorphcs^ 
with a radiate form like a starfish; and Ilctcronwrphes, animals having 
an irregular form (chiefly Protozoa and sponges). Lamarck (1744- 
1829) devised a classification based upon nervous sensibility, and pro- 
posed thrcH' principal groups: the apathetic animals, tliose without nervous 
systems or apparent sensatioii among the invertebrates; the sensitive 
animals, also among the invertebrates; and the intelligent animals, 
corresponding to the vertebrates. Oken (1779-J851), who was a philoso- 
pher rather than a naturalist, advocated simultaneously at least two 
classifications, which were equdliy worthless. One divided animals into 
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groups aooording to their ayBtemg of organs, as miestbat, miisoular, 
sexual, lespizatory, vascular, etc. His other elassifioation was based 
OD the senses. Thus, there were the Dermaiosoa (literally, skin or touch 
animals), by which he meant the invertebrates; the Glossozoa (hterally, 
tongue animals), the fishes; the Rhinozoa (nose animals) which included 
the reptiles; the Otozoa (ear animals), or the birds; and another class, 
which appears to have been called interchangeably the OpfUhalmozoa 
(eye animals) or Thncozoa (hair animals), the mammals. It would be 
harrl to nnmo a Fot of distinctions less applirahle tus classification marks 
than most of t iH S( , but Oken did not engage m practical matters. Men- 
tif ni may also be made of the systematic work of Pierre Latreille (1762- 
1833), Johannes MuUer (1801-1858), and Louis Agassiz (1807-1873). 
Then there was a host of minor systematists the value of whose labors 
has been diminished by attempts to force their classifications into some 
numerical system, as for example liiose who held that the number of 
orders in each class should be the same as the number of famiUes in each 
order, or the number of genera in each family. The favored number was 
five in some classifications, less often three, four or seven.^ 

These early modes of arrangement of animals have been described, 
not for any value that may attach to them as classifications, but to form 
a background for the one system that has survived. It should be 
obvious, from the brief statements made, that most of the plans used were 
totally unsuited to the requirements which later developments of sodlogy 
would have imposed upon them. The system of Linnseus, however, 
was happily capable of being adapted to the demands of the tenets of 
evohition, and it alone has persisted to the present time. 

The Limusan System. — ^That the linnflean system was rapidly 
adopted and is now universally employed by zoologists is doubtless due 
largely to the fact that it introduced a sharply defined grouping, a defi- 
nite terminology, and brief, clear diagnoses; that it permitted early natu- 
ralists to group those forms that resembled each other; and that it ec|ua!ly 
well permitted the classitication of forms according to their relationships. 
As stated above Linnicus recognized groups of four different values — 
the class, the order, the genus (plural, genera), and the species (plural, 
species). To these categories have been added the phylum, (plural, 
phyla) and subphylum (assembUes greater than the class), the subduss, 
the suborder, the family , the subfamily, the siibgentLs, the subspecies and 
others. Of these additional groups the phylum and family are now 
generally accepted, and the others are used for some groups or by some 
naturalists. The rank of reoognised categories may be eipressed as 
follows: 

' For many of the facts ngardiiig tbeoe old attempts at classificut ioit we are in- 
dabted lo Tbeodore N. Gill, Amuial Rsport of tbo SmiUnonian Inatitution fur 1907. 
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Phylum. Example, Chordaia (tho chordat«s) 
Subphyium. Kxatnple, Vertebrata (the vertebrates) 
C^BB, Example^ Mommdia (the mamnuUit) 

Subclass. Example, Butheria (the placental mammala) 

Order. KymnyiU- PiKlentia (the rodents) 

Suborder. Kxumple, Scinromorpha (the squirrel-like rodents) 

Family. Example, SduridiOe (the flying-HquirreU, inarinoUi, !»quirrels 
and ehipmunka) 

Sttbfomily. Example, Sdmime (the mannota, aqiurrels and ehi]^ 

Genus. Example, Saurtm (the arboreal squirrels) 
Subgenus. Example, TofmaaeiuruB (the red squirrels) 
Spedea* Example, hudaoniewi (the Hudaoniaa led aqiiiTrd) 
Sob^edea. Example, bi^uax (the Mnithem HudnDlaa red ' 
squirrd) 

In tome groups "diviaidiiB" or "aeetioiia" are recognised by authorB, 
but these categories have no deBnite place in the syHtem; that is, they 
may be introduced to mark off a group of genera, an assemblage of 

orders, etc. 

The Limuean system designates the species by two Latin or latinized 
names, the generic name, a noun, and the specific name, usually an adjec- 
tive. Thus Natrix is the generic name of a group of water snakes, and 
Natrix rhombifer and S-ntrix sipedon arc two species of water snak^. 
This i.s known as the binomial system of nomenclature. When sub- 
species !irp rcf'08:nized three names ;ire used, the generic, the specific 
and tli<' subspecific, thus, 2'hari' noplns sirtafis; j/arif i/iUs. The term 
variety is usually considered synonymous with sub-species in taxonomy, 
but it may be used to indicate divisions smaller than sub-species, and 
in one group, the ants (family Formicidse), the systcmatists regularly 
recognize and designate divisions smaller than subspecies by name, using 
four names for eacb variety (for example, Camponoius herculeanus lignP' 
perdu* novtbomeensitt the northern carpenter ant). 

Rules of Nomenclatuts.— The binomial and trinomial systems of no- 
menclature have been of great convenience to naturalists. Before their 
adoption common names were in use in the scientific world and led to 
much confusion, the same animate being known by different iiames and 
different animals by the same name. To make certain that each animal 
shall have but one scientific name and that no two animals shall have the 
same name, rules of nomenclature have been proposed at different times 
for the purpose of determining which name shall prevail when several 
have been or are likely to be inadvertently proposed for the same form. 
Linnffius seems to have appreciated the necessity for rules and to have 
proposed a set. These rules were not sufficient, and several other codes 
were [)ro|K)sed, the more important of wliich were the lirid'sh Asmcintion 
Code, the Amerimn Ornithological Union Code, the Code of the Ceniian 
Zoological Society f and the Code oj the International Zoological Congress, 
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The code now almost universally in use is the IiUemational Code of 
ZodlogiaU Nomenclature, adopted by the International 2k)dlogical CoDgresB 
and governed through a Commission on Nomenclature. 

The International Code. — Some of the essential features of the Inter- 
national Code are as follows. The first name proposed for u genus or 
species prevails on the condition that it was puhlisheci antl aceonipanied 
by an ;t(l( ([ Kite description, definition or indication, and that t}>e author 
has ai){)luHl ihe principlesof binomial nomenclature. This is the so-ealled 
law of priority. The tenth edition of the Systema Naiura- of ]>inna?U8 is 
the basis of the nomenclature. The author of a genus or species is the 
person who first publishes the name in connection with a definition, in- 
dication or description, and his name in full or abbreviated is given with 
the name; thusi Bawxawm anihonyi Stejncger. In citations the generic 
name of an animal is written with a capital letter, the specific and sub- 
specific name without initial capital letter. The name of the author 
follows the specific name (or subspecific name if there is one) without 
intervening punctuation. If a species is transferred to a genus other 
than the one under which it was first described, or if the name of a genus 
is changed, the author's name is included in parentheses. For example, 
BoBeanion anihonyi Stejneger should now be written Coluber anihonyi 
(Stejneg^r), the generic name of this snake having been changed. One 
species constitutes the type of the genus; that is, it is formally d(^signated 
as t>i>ical of the genus. One genus constitutes the type of the subfamily 
(when a subfamily exists), and one genus forms the type of the family. 
The type is indicated by the describer or if not indicated by him is fixed hy 
another author. The name of a subfamily is formed by adding the ending 
-imp, and the name of a family by adding -id(F to the root of the name 
of the type genus. For exarnj)le, Colubriuffi and ColubridsB are the sub- 
family and family of snakes of which Coluber is the type genus. 

The Basis of Classification. — Early systeniatista largely employed 
superficial characters to differentiate and classify animals, and their 
classifications were thus largely artificial and served principally us con- 
venient methods of arrangement, description and cataloging. Since 
the time of the development of the theory of descent with modifications 
by Lamarck (1809) and Darwin (1859), there has been an attempt to base 
the clasBification on relationships. Very nearly related animals are put 
into the same species. They are related because th^ descend from a 
common ancestry, and that common ancestry could not in most cases 
have been very ancient, otherwise evolution within the group would have 
occurred and the species would have been split into two or more species. 
Species that are much alike are included in one genus, being thus marked 
off from the species of another genus. The similarity of the species of 
a genus is held to indicate kinship, but since there is greater diversity 
among the individuals of a genus than among the members of a species, 
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the common stock from which the species of a genus have sprung must 
have existed at an earlier time» in older that evolution could bring about 
the degree of divergence now observed. In like manner, a family Is made 
up of genera which resemble one another more than they resemble other 
genera, and their likeness is again a sign of affinity. But to account for 
the greater difference between the extreme individuals belonging to a 
family, evolution must have had more time; that is, the common source 
of the members of a family must have antedated the common source of 
the individuals of a genus. Orders, classy, and phyla are similarly re- 
garded as having sprung from successively more remote ancestors, the 
time differences being necessary to allow for the diffeiences in the amount 
of evolution. This statement is in general correct. However, since 
evolution has probably not procepdod at the same rnto at all periods, 
nor in all branches of the animal kingciom at nny owe time, the time re- 
lations of the groups of high or low rrmlc must not bo too rigidly assigned. 
Thus certain genera, in which evolution has been slow, are probably much 
older than some families in which evolution has been rapid. It is not 
improbable, also, that some genera are quite as old as the families wiuch 
include them; but in no case can they be older. Furthermore, different 
groups arc classified by taxonomists of different temperaments, so that 
groups of a given nominal rank may be much more inclusive (and hence 
older) in one branch of the animal kingdom than In another. On the 
whole, nevertheless, the groups of higher rank have sprung from anoea* 
try more remote than that of the groups of lower rank. 

The means of recognizing the Jdnship implied in classification permit 
some differences of opinion. It is recognised that likeness in structural 
characters is the chief clue to affinities. However, the evidential value 
of similarity in one or several structures unaccompanied by the sunilarity 
of all parts is to be distrusted, since animals widely separated and dis- 
similar in most characters may have certain other features in common. 
Thus, the coots, phalaropes and grebes among birds have lobate feet 
but, as indicated hy other features, tbej- arc not closely related; and there 
are certain lizards ( Aniphisbsenidip) which closely resemble certain 
snakes (Typhlopida') in being blind, hinbless, and having a short tail. 
The early systeinatists were very liable to bring together in their classi- 
fication analogous forms, thnt is, those which are functionally similar; or 
animals which are only superticially similar. In contrast with the early 
practice, the aim of taxonomists at the present time is to group forms 
according to homology (see Chapter X), which is considered an indication 
of actual relationship. Since a genetic classification must take into con- 
sideration the entire animal, the search for afiinities becomes an attempt 
to evaluate the results of all morphological knowledge, and it is also 
becoming evident that other things besides structure may throw light 
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upon rdatioiiBhips. The foasQ records, geographical distribution, ecology 

And experimental bre(Hling may all assist in establishing affinities. 

The Method of Taxonomy. — It is evident that before the relationships 
of animals can ho determined the forms must be known, for unknown 
forms constitui( breaks in the pedigrees of tho groups to which they 
l>elong. Moreover, as pointed out alxjve, llie structural ( liaracters, 
variation and distribution must be known before a form can Ix' ])laced in 
the proper place in a genetic system. For thw^se reasons an miportant 
part of systematic work is the description of forms and an analysis of 
their differences. After tlio Linnaean system was adopted zo<)logists 
attacked this virgin field and for many years "species making" pre<lomi- 
nated. Even at the present time when other aspects of zoology have 
eome to receive relatively more attention it is an interesting fact that the 
analsrtical method prevails in systematic studies, and taxonomy suffenB 
from, and in part merits, the criticism that it is a mere cataloging of 
forms and ignores the higher goal of investigation, namely, the discovery 
of the course of evolution. Many systematistB, however, recognise 
that the ultimate purpose of taxonomic work is to discover the relation- 
ships ss well as the differences between the described forms in order that 
the course of evolution may be determined: In other words, it is appre- 
dated that while analytical studies are necessary they arc only preh mi- 
nary, and that upon their results must be built synthetic studies, if 
taxonomy is to fulfill its purpose. 

The Difficulties of Taxonomy. — One of the greatest obstacles to a 
genetic chissification of animals is the incomplete fossil record of fxtinrt 
forms. The comparative poverty of records makes it necessary to 
determine the breaks in the chain as well as possible until such a time 
as they shall bo closed by additions to the data of paleontology. A 
further difficulty lies in the nature of the material. The structure of 
animals is so complex and variable, and the distribution and ecology arc 
so compUcated, tliat the task oi making analyses which will permit a 
satisfactory grouping is a laborious one. The enormous number of forms 
is another difficulty. So many forms have been discovered and so many 
apparently await discovery, study, and description, that systematic 
so6logists must generally limit their work to some one or two orders and 
in some esses to a single family. To distinguish the workers on the dif- 
ferent groups of animals different names have been applied. Thus, one 
who is engaged with the Protozoa is a prolottHltofUi; the student of worms 
is a hdminihologiH; of the moUusks, a conehnAoffiU; an enlomdoifitt deals 
with insects, a /urpetolb^sf with reptiles or Amphibia or both, an omUholo- 
gist with lurds, and a mammalogist with mammals. These names do 
not, however, imply an interest in classification alone, since an ento- 
mologist may be concerned with ecology and a oonchologist with 
geographical distribution, etc. 
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Relatioiis of Ttxonomy.-^laaaification has wide oonneetionB with 
nearly all other phases of biology. In a practical manner every biologist 
has occasional or frequent use for the technical knowledge of the syste- 
matist, and this requirement is not a purely formal one. Many investi- 
gations whose principal aim is entirely apart from classification must 
nevertheless constantly use the data of taxonomy. Thus the sofigeog- 
rapher, as will be apparent in Chapter XIV, is not primarily interested 
in classification; but in order to discover the principles which have 
guided migration or determined extinction in the past he must be thor- 
oughly conversant with the taxonomy of the proup whose distribution he 
studies. The paleontologist also rcqiiin's a knowledge of rlassifipation, 
not only of extinct fonns but of their living rolatiNcs. The work of the 
pli> si olo^ist frequently involves the question of relationship, as (l()<\s that 
also of the ecolo^ist. Indeed, every biological field is in very close con- 
nection with taxonomy. 

This intimate relation is not one-sided, for each of the phases of 
biolog> cuiitributes to a knowledge of ela.ssification. Distribution and 
fossil forms supply information where morphology fails, or may refute 
conclusions based on morphology alone. Physiological facts must be 
taken into account in explaining the formation of specus. Ecological 
rdations must be understood if certain taxonomic questions are to be 
correctly answered. In practice this close relation between taxonomy 
and the other phases of biology is not always observed, but all of them 
suffer from its neglect. 

TABDLAft VIEW OV THE CLASSDICATIOK OP ANIMALS AS FAR AS OltDSRS 

The complete classifitation of animals includes, of courses, extinct 
and living form---, and there are difTorenccs of opinion as to the position 
and composition of many groups. The following classihcation, including 
the living and a few fossil forms, now in use in the Zoological Laboratory 
of the University of Michigan, has been compiled from many sources. 



PHYLUM I. PROTOZOA 



Class I. Rliizopoda 
Oidflr 1. Loboaa 
Order 2. Hdioioa 

Order 3. Radiolaria 

Order 4 Fonuninifera 



Order 2. Cocoidiidea 
Orders. HsmoBporidia 



SOBCliAM II. NBOSPORIDIA 

Order 1. Myxosporidia 
Order 2 Snrrosporidia 



Class II. Mastigophora 
Order 1. FlaKcllata 
Order 2. Choanoflagellato 

Order 3. DinoflaKcUata 
Order 4. Cystoflagellata 



Class IV. inlusoria 



Class III. Sporozoa 



StmCLASS I. ClUATA 

Order 1. Holotricha 

Order 2. Heterotricha 

Order 3. Hypotricha 

Order 4. Feritricba 



SuBCLAsa I. Tblospobidia 
Order 1. Gregarinida 



SUBCLAaa II. SUCIOBIA 
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Glau L CalcarM 

Order 1. Homocoela 
Order 2. Heterocncia 
Class IL HexacUnellida 



OawIIL DemottpongUB 

Order 1. Tetraxonida 
Order 2. Monaxonidft 
Order 3. Keratosa 



Class L Hydrozoa 

Order 1. AntbomHusjB 
Order 2. Leptomt>du!i;£ 
Order 3. Tntcbymeduas 
Older 4. NarcomediuMB 
Order 5. Hydrocorallina 
Order 6. Sipbunophoia 
Class IL Scyphozoa 

Older 1. Stauromeduan 
Order 2. Feromedtue 
Order 3. CubomeduM 
Order 4. Diaoomeduaie 



PBVLUH m. CdLUITBRATA 

GlMi UL Anthozoa 

Subclass I. Alcyonaria 
Order 1. Stolonifera 
Older 2. Alcyonaoea 
Orders. Gorgonaoaa 
Order 4. Pennatulacea 
Subclass 11. Zo a nth aria 
Order 1. Edwardaiidea 
Orders. Aetiniana 
Orders. Madreporaria 
Order 4. Zoanthidea 
Order 6. Antipatbidea 
Order 6. Ceriantbidea 



PHTUDXIV. CIBHOPRORA 
PHTLUMT. PLATYHELMIirTHIS 
Class I. Turbellaria Class II. Trematoda 

Order 1. Rhabdoca;lida Order 1. MonoKenea 

Order 2. Tricladida Order 2. Digenea 

Order 3. Folydadida Class UL Cestoda 



Class L Asteroidea 
Class n. O^nroidea 
CtaMin. XcbfaMldaa 



PHYLUM VI NEMATHELMINTHKS 
PHYLUM VIL ECHINODERMATA 

, Class IV. Hoiothurioidea 
Glass V. Ciliioldaa 



Class I. Archiannelida 

Class II. Cluetopoda 
Subclass I. Poltcksta 
Order 1. Pbanerocepbala 
Order 2. Cryptocephala 



PHYLUM Vin. ANNELIDA ' 

Subclass II. Ouooch^a 
Order 1* Microdnii 
Orders. MaerodriU 
Claaa m. Hinidiiisa 



Class L Ampbinenn 

Order 1. Polypiacopbora 

Order 2. Aplaeophora 
Class IL Gastropoda 

Subclass I. Htreftoneura 
Order 1. Aspidobxaacbia 
Order 2. Pectintbraiiehia 

Subclass II. Kt THYNBriiA 
Order 1. Opistbobrancbia 
Order 2. Pulmonata 



PBTLUM UL MOLLOSCA 

Class m. ScaflMpoda 
Class IV. Pelecypoda 

Order 1. Protnbrancbia 
Order 2. FliibraDcbia 
Order 3. EulameUibrancbta 
Order 4. Septibianchia 
Class V. Cephalopoda 

Order 1. Tetrabranchia 
Ocder 2. Dibraacbia 
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GlawL Onislftc«A 

StTB CLASS I. BrANCHIOFODA 

Order I. Phyllopoda 
Order 2. Cliidocera 

SUBCIiAM n. OsnUCODA 
SUBCLAM III. OOPBPOBA 

Subclass IV. Cirripedia 
Subclass V. Malacootbaca 
Order 1. Nebaliacea 
Order 3. AnttspidtOM 
Order 3. MyadaoM 
Order 4. Cumacoa 
Order 5. Tanaidacea 
Order 6. laopoda 
Older 7. Amphipod* 
Order 8. EuphauaiaiM 
Ordpf 9. Decapodfi 
Oitler 10. Stomatopoda 

CUmm IL Onychopbora 

dan EL Myiiapoda 
Order 1. Pauropoda 
Order 2. Diplopodn 
Order 3. Chilopoda 
Order 4. Symphyla 

CUmIV. infl«et» 
Order 1. Aptera 
Order 2 Kplu>merida 
Order d. Udonata 



Order 4. Flecopten 
Order 5. laoptera 

Order 6. Corrodentia 
Order 7. Mallophaga 
Order ft. Tbyianoptera 
Order 9. Euplexoptera 

Order 10. Orthoptera 
Order 11. Hemiptera 
Order 12. Neuroptera 
Order 13. Mecoptera 
Order 14. Tnchoptera 
Order 15. Lepidoptem 
Order 16. Ihptera 
Order 17. Siphonaptcra 
Order 18. Ooleopitera 
Order 19. HytnemopteiA 
Class V. Arachnid a 

Order 1. Araneida 
Order 2. Scorpionldea 
Order 3. Phalangides 
Order 4. Acarina 
Order 5. Pf^lip;Opi 
Order 6. Palpigradi 
Order 7. Solifugie 
Older 8. Cbenetidtt 
Order 9. Xiphosura 
Order 10. EurypterkUt 



oitom ov mvniiUAns op 

Group 1. Mesozoa 

Group 2. Nemertinea 

Group 3. Nematomorpha 

Ofoup 4. AeanthoeephAlft 

Onup S. ChstogiiAtha 
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UHCBRTAIN 8T8TSMATIC 

Group 6. Rot if era 
Group 7. HryoiKia 
Group 8. Pboronidea 
Group 9. BrachiopodA 
Group 10. Gephyrea 



PHYLUM XL 
SCBPHYLUM 1. EnTEBOPNEUSTA 

Order 1. Belenoglflewida 
Order 3. GephalodiMida 

SUBPHYLUM II. TuNICATA 

Order 1. Ascidiacea 
Order 2. Thaliacea 
Order 3. Larvacea 
SuuraiLtm III. Cephauvgbobda 

Class I. Cyclostomata 
Subclass I. Myxinoidea 
II. 



CHORD ATA 

Class IL Elasmobranchii 
Scbclass I. Selachii 
Order 1. Squali 

Order '2. Unji 

HnBCLAS!' I 1 iioLOCBPHAU 

Class m. Pisces 

SDBCI.A88 I. TfeUECMnOM I 

Order 1. Oonopterygii 

Order 2. Clumdroetei 
Order 3. Hijloytei 
Order 4. Teleostei 
StncLaeell. Dipnoi 
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PRTLVHIL 

Class W. Amphibia 

CJrder 1. Apoda 

Order 2. Cnudata 

Order 3. SalkntiA 
Class V. ReptUia 

Order 1. Tentudinata 

Order 2. Rbyncbucephalia 

Order 3. Crocodilini 

Order 4. Squanutta 
Class VL Aves 

8UB(XAB8 I. AnCII.«<)HNlTlIK8 

Subclass 11. NtMiKNiTUKj;^ 
Order 1. Hesperonitthifoniica 

Order 2. IchthyornithifdnneB 
Order 3. Struth ionifofineg 
Order 4. Rheifornira 
Order 6. Caauttriifortiiet) 
Order 6. Grypturifomufii 
Order 7. DinomithifonneB 
Order S. .■Efjyoriiitluformes 
Order i). Apterygiformea 
Order 10. iSpheniacifonnca 
Order 11. OolymbifomieB 
Order 12. Proeelluriifonnes 
Order Cieoniiformes 
Order 14. Anscriformea 
Order 1& Falooniformea 
Order 16. Galliformee 
Order 17. Orutfonnea 
Order 18. Chaiadriiformas 



CBOBDATA {Continued) 

Order 19. CucuHfornK^ 
Order 20. Coraciiformos 
Older 21. FMserifonneB 
eiiM VtL Hammatia 

Subclass I. Prototheria 
Order I. Monotremata 

i;^trBCLAB8 II. Edtiusiua 
DMsion /. DidAphUa 
Order 1. Maieupi^ia 
Division II. Mmuuldphia 
Section A. Ihic^uicidata 
Order 1, Insectivora 
Order 2. Bermoptera 
Orders. Chiroptera 
Order 4. Carnivora 
Order 5. Itodontia 
Order 6. Edentata 
Order?. Fholidota 
Orders. Tubutidentata 
Seviirm H. Primates 
( >rder 9. Priiimtca 



Heclion C. 
Order 10. 

Order 11. 

On!f>r 12. 
Order 
Order 14. 
SedtUm D. 
Order 15. 
Order 16. 



Vngvdaia 

Artiodactyla 

Perisflodaciyla 

!*rnhf>s«idea 

tSireiUH 

Hynicuidea 

Cmuwa 

Olontoceti 

Myataooceti 



BRIEF CHARACTERIZATIONS OF THE MAJOR GROUPS OF ANIMALS 

The principal groups of animals are given below with brief diagnoecB 
which may serve as definitions. It must be understood that the charac- 
ters given wiU often not be sufficient to distinguish all the forms in a 
group, for there is much variation within the groups. They are intended 
to give the student a general conception of the phyla, subphyla and 
classes. 



^^hyium PROTOZOA. Single celled ftnimals without true urgana or true tissues. 
If colonial, the celb are all potentially alike. 

Class RHIZOPODA. Protozoa with chaogMble protopUumiic prooeseee (pseudo- 

pi,r!i:i\ Arnrrhri. 'Vv,:^ 17, 26. 2S.") 

Class MASTIGOPHORA. Protozoa with one or more vil)r!ilile processes (nag(^lla) 
which serve for locomotion and for taking fuoci. Euglena. (FigH. 31, .>3, 04, fio.) 

Clam SPOROZOA. Parantio Protoaoa, umally without motile oigane or mouth, 
reproducing l)y spores. (Figs. 132, 137.) 

Class INFUSORIA. Protozoa havinc numcrnus slender vihraf ilo fmx'es'^r^ cilia), 
a cuticle, and fixed openings for the iiine.sf ion <)f foo<l and tho CXtruaion of uidigc»tiblc 
matter. Paramecium. (Hgs. 18, 33, 130, 131, 138.) 
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E'hyluni PORIFERA. Diplobhu-tic, r:ulia!!y symTnotrical iinimals with body wall 
[MMtctrated by nnmrrous pon^ Ikxly uaually Kupportcd by a skeleton of q>iculee or 
spongiiL. Sponger 

Ckutt CALCARBA. Sponnos with spicules oompoeed of calcium carbonate, mon- 
axon <jr ti'tr:iv,iL ill fMi-ii. fFiga, 127, 128.) 

Class BEXACTINELLIDA, Sponges with spicules c(»nposed of silicon, triaxon 

in form. 

Class DEMOSPONGIiE. Sponges with spicules composed of silicon, not triaxon 
in fpfffT, or dcdetoa oompoeed of spongin, or with akeleto n of both spicules and spongin. 
/''''Fhyluffl CCELENTERATA. Dipiohlastic, radially S3nninetrical animals with ten- 
tacles, stinging cells, singlo KOiitrovaacular cavity, no nnns. Two body farms are 
prevalent, the hydroid and the medusa. JoUyfishes, polyps and corals. 

Class HlfDROZOA. Ccelcnterates without atomodaum and mesenteries {sexual 
cells dischaised to the exterior; hydroid and medusa forma in the life history of same 
spectcD, or only the medusa, tho lat.tor having a velum. Polyps (including Hydra), a 
few corals, small jellyfishes. (Hgs. 00-65, 212. 216.) 

Class SCYPHOZOA. Cc^enterates with only the laodusoid, not hydroid form ; 
vdum ladcing; notches at maxgin of umhceQa. Larger jellv-fishes. 

CUw8 AUTHOZOA. Cadenterates without medusoid forms, with well devdoped 
stomodanim and mes< nt( ri( fyvi anemones, most corals. Fig. 71, part. 
/XPhylum CTENOPHORA. Triploblastir animals; sj*mmrtry partly radial, partly 
bila^«!ml; eight rows of vibratile plates radially arranged. S::k:a walnuts or comb jelUcs. 
//^^yhm PIATYHBLMINTHSS. TriploblasUc, bilaterally s^mmetricdl animals 
with body flattened, with a single gastrovaacular cavity (sometimeB wanting) and no 

anUH, Flat rvorni-j. 

Class TURBELLARIA. Free-living flatworms with ciliated epidelrois^ Flanaria. 

(iMRS. SI, 82.) 

Qasa TSBHATODA. Pkoasitic flatworms without cilia but with a hardened 

ectodt nn, usually para^iitir and with 8ttachin^^ suckers. Flukes. (Rg. 14().) 

Class CESTODA. Para^ifir flatwonUB with the body difTin utiatrd into a head 
(scolex) and a chain of similar joints (proglottides), the whole being usually regarded 
AS axJolony. Tapeworms, (I%s. 68, 96.) 

tXpiiyiiiia NSMATHBLMIMTUJBS. Bilateially symmetrical^ triploblastio animals 

with an elongated cylindrical body covered with a cuticle^ with a true body cavity, 

jui'l i<^dige9tivo tract with hoi!) imnith and anits. RoTmdworms. 
^ Phylum ECHIMODERMATA. lliMhaily HjTnmetrical (with minor exceptions), 
triploblastic animals with well developed otslom, and usually with five antimeres, 
spiny skdeton of calcareous plates, and organs of locomotion known as "tube feet*' 
operated by a water- vascular .system. Starfishes, sea urchinSf sea cucumbers. 

Class ASTEROrDEA. Fn«e-li%'inf!;, typically pfntamprona echinoderm.s witli wide 
arms not sharply marked off from disc and wiih ainbuliicrai grooves. StartiMheii. 

GtaM OPHIIIROD>SA. Free-living, typically pentameraua echinodenns with 
dendw ama aharply marked off firnn diaie and no ambulaenil grooves. Brittle stars. 

Class ECUIN OIDE A. Free-living, pentamerous cchinoderms without arms; test 
oomposod of calramotis plates Ix'aring movable spines. Sea un'hins, Rami dollars. 

Class HOLOTHORIOIDEA. Free-Kving, elongated, soft-bodied echmodcrms 
with muscular body wall and tentacles around mouth. Bea cucumbers. 

Class CRINOIDBA. Sessile echinodenns with five arms genmdly branched with 
pinnules, ahoral pole usually with cirri, sometimes with jointed Stalk for attachment 
/ tOi^uh.slratKnT. Frathfr starv, sea lilies. 

(^/^ Phylum ANNELIDA. Triploblastic, bilaterally synuui trical elungatf^d animals 
with external and internal segmentation; ccalom usually present; set» common. 
True worms. (iPigs. 67, 83, 95, 142, 143, 144.) 
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CImb ARCHIAinfRLIDA. Marine Anndida with no setn nor parapodia. 

Class CHiETOPODA. Annelida with seUm and a periviseeral eadom; marine^ 

freBh-vvater, nr torrnsl ri-i! in h;tl>i»Mt,. Earthworms. 

Class HIRUDXNEA. Auuelida ^^athout sctoi, and with anterior and posterior 
mdfien. Lecch^. 

C^^ytyhtm MOLLUSCA. Triploblaatio, bilaterally Bymmetrieal Oiynunetry often 
obscured) tinaegmented anhnals with a c<Bloin, a miiBeiilar foot and uaually a shell. 

Moll'i^^ks 

Class AMPHINEURA. Moliusca with obvious bilateral symmetry, sometimes an 
eight-parted calcareous shell and several pairs of gills. 

Claas GASTROPODA. Molliuks with a head and with bilateral symmetry iuri-> 
all}' ol>8c-urt>iI by a spiral shell of one piece. Snails. 

Class SCAPHOPODA. Mo!ln«rH w]ih <-onipal tuhulMr shell and mantle. 

Class PELECYPODA. Muilu^ktj wilhuut a head, with bilateral symmetry, a 
shdl of two lateral valves and a mantle of two lobes. Clams, mussels. 

Ciaaa CEPHALOPODA. MoUosks with distinct bOateral symmetry and a foot 
beariruf^vcs and (Hviflr ! into arms usually with suckers. Cuttlefishes, octopods. 
l^^y^hyXum ARTHROPODA. Triplobla«tic, I'ilatf rally symmetrical, segmented 
animals with usually more or less dissimilar somites, a codom very much reduced, 
paired jointed appendages, and ehitinoua aradceleton. 

Class CRUSTACEA. Arthropods breathing by means tA gills, two pairs of an> 
tennse. Crayfishes, cr ti ind shrimps. (Figs. 241, 242.) 

Class ONYCHOPHORA. Primitive air breathing arthropods with trachea and 
ncphridia. Peri pat us. 

Class ICTRIAPODA. ' Arthropods with tracheni one pair of antenna and many 
similar legs. Centipedes and millipedes. 

Class INSECTA. Arthrop<Hls with traches, one pair of antemus and three 
pairs of legs. Insr' t^ (Figs. 186, 236.). 

Class ARACHKXDA. Arthropods with trachcse, book lungs or book gills and no 
anten|M0. Spiders. 

l^^y'Vh.jhxm CHORD AT A. Animals having at some stage a skc-h tnl axis (the noto- 

chorr! i-ill -'if - in f inlin-o nr adult, and a ncr\T cord dnrsal to the alinirntar\- canal. 

Subphyium ENTEROPNEUSTA. Worm-like chordatcs of somewhat doubtful 
systematic position. 

Sttbphylmn TUIIICATA. Sac-like marine animals with a cutteular outer covering 

known OS a tunic or test. Tuiiicatos. (Fi>?s. 69, 70.) 

Subphyium CEPHALOCHORDA. Fish-like chordaies with a permanent noto- 
chord roTTipnsctl of vacuolatf'tl cells. ,\mphinxu8. 

Subphyium VERTEBRATA. Churdale^ in which the notochord either persists 
or becomes invested by cartilage, segmented, to form a vertebral columni or disap- 
p<'ars. the vertebral eolumn bong made up of bony segments. (Figs. 103-107, 
162-157.) 

CUss CYCLOSTOMATA. Eel-iikc vcrtcbratai without functional jaws or lateral 
appendages. Lampreys and hagfishcs. 

Class BLASMOBRANCHn. Fish«like vertebrates without air bladdw, with jaws, 
and with a cartila^nous skeleton and placoid scales. Sharks, rays and skates. 

(Kg. 150.) 

Class PISCES. Aquatic, cold-hioodcd vertebrates breathing by means of gills, 
with air bladder, a two chambered heart, and usually a dennal exoakeleton of scales. 
Fishes. (Fig. 156.) 

Subclass TELEOSTOML Fishos with a skeleton consisting wholly or partially 
of bone, breathing by meana cf gills. True fishes. 

18 
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Subclass DIPN 01. Vishva with a skeletoa of cartilai^ and bone, and air bladder 

fuiictiuninK as a luug. Luugtkht^s. 

Class AMPHIBIA. Cold-blooded vertebrates breathing by means of gills in some 
stage, akin uaoally not ooverad with aealee, heart of three ehambem. Salamaadw, 

toads, ami frogs. (Figs. 84, 97, 98, 147, 153, 154, 159.) 

Class REPTILIA. CJold-blooded ve^tebrat»^^' n«nn!h' covfrod with scale.-*, breath- 
itiK thruughout life by means of lungs. Lisartls, snakes, crocodilians, turtles. (Fig^. 
152, 228-231.) 

Clan AVE8. Warm-blooded vertebrates with the body ooveied with feathers, 
with the fore litnbe usually modified as wings, and a lieart oif four ehamben. Birds. 

(FSgH. 1.^7, 245.) 

Class MAMMALIA. Warm-blooded animals wliich are covereti with hair at some 
Stage and suckle the young, and have a diaphragm between thorax and abdomen. 
(Figs. 156, 100. 191, 106, 211, 232.) 

Subclass PR OTOTHERIA. BeB-l*yinS i^ammala. Monotremes. 

Subdass EUTHERIA. Viviparous mammals. True mammals. 

Invertebrate Groups of UncerUia Position 

Certain groups i)f iu vertebrates have not Ixjen a.s.signoci j\ definite 
relation to other groups. Opinion differs so widely tus to tlieir affinities 
that they may well be kept out of the classificatjoii for the present. 

Mesozoa. Parasites apparr>iitly intxTiiKHiiat^' bet wocn the Protofloa and metasoa. 
Not improbably degenerati! n lalives of the flatwonnH. 

Nemertinea. Terrestrial, frtsih water and marine animak retiembbnK flutw4jrins 
but with a proboflCtSy blood vascular system, and alimentary canal vrith two openings. 

Nematomorpha. Long thread-like an imals with the body cavity lined with efrithe- 
lium. a phnrr n<:rnl ncn'r rinp aiul a single ventral nerve cord. 

Acanthocephaia. Par-^sitic worms with spiny proboscis, a complex reproductive 
system and no alimentary canal. 

Chctognatha. Marine invertebrates with a distinct coelom, alimentary canal, 
nervous system and two eyes. 

Rotifera. Invi^rtohrates with a head pro\ndod with rilia, nsimlly a rylindrical or 
conical body oft^^n with a shell-like covering, and a bifurcated tail or foot provided 
with a cement gland. 

Bryofoa« Mostly colonial invertebrates resembling hydroids in form, with dis- 
tinct coelom, and with digestive tract bent in the form of a letter U. (Figs. 66, 120.) 

Phoronidea. A singlr ^,vn\la of woim-like animals having tentacles and living in 
menitiranons tubes in the Hand. 

Brachiopoda. Marine tentaculatc animals with a calcareous shell, composed of 
two unequ^ valves, a dorsal and a ventral. 

O^bjrei. Woim-like animals of doubtful affinities. 
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ECOLOGY 

EcoloKy cm braces liie study of the relations of animals and plants to 
the conditions in wliich.they live. The discussion in this book has special 
reference to the ecological relations of animals. It has long been recog- 
nized that animals e dejx^ndent upon certain physical conditions, such as 
food and water, and that different forms require somewhat diflferent con- 
ditions, for example that fishes require an aqueous medium, that some 
animaJfl require plant food, and others animal food, etc. But the ex- 
tent to which the peculiar combinations and intensities of the various 
physical and biological conditions existing in nature are necessary to 
the maintenance of the individuals of particular species, and to what ex- 
tent the abeenoe of these combinations and intensities may cause the 
destructidn of the animals or influence thair distribution, has but recently 
attracted the attention of aodlogists. 

Several terms have been applied to the study of environmental rela- 
tions, such as Hi*xiolog>' (erroneously spelled hexicology by Mivart).; 
Physiology of Organisms (Semper), as opposed to special physiology or 
physiology of organs; Bionomics (Lankester); and Oecology (Haeckel). 
These terms have been differently defined l)y different authors, but 
Ecology is now in general use and the mnception that it comprises the 
study of all the relations of the animal to the environment seems to 
prevail. 

Scope of Ecology.^ — Defined as the relation between the animal and 
the environment, ecology is a very broad subject and encroncheis to some 
ext;Cnt upon otluT fields. As so defined, itincluch^s the relations of individ- 
ualh or sptjcies to each other, such as colony formation, society forma- 
tion, parasitism, slavery, symbiosis, and the relation of enemy and prey; 
and their relations to the physical environment, such as the effect of the 
chemical content and the temperature of the water, and the effect of the 
nature of the soil, temperature and moisture on land« 

StractonU Adaptallo&B. — ^The relations of animals to the environ- 
ment may be clasnfied as structural and phsndok^cal. CSharacters 
whether structural or physiolo^cal which fit an animal for life under 
given conditions are commonly referred to as adaptations. The most con- 
spicuous adaptations are those of stnicture, including color. Thus, to 
take a simple example, a fish is adapted to life in the water by having fins 
and gills which permit it to swim and respire in that medium, while ter- 
restrial mammals are adapted to life on land by having legs and lungs. 
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Digitized by Google 



276 



PRINCIPLBS OF ANIMAL BIOLOQT 



Not all animals in the same environment are adapted in the same way to 
the conditions of thnt environment. Thus the manateo, whales and 
porf)oises, all of them aquatic mammals, do not have the fins of fishes, 
and they breathe by means of lungs; and many terrestrial animals do not 
have legs. The fact remains, however, that animals living in different 
conditions are often structurally different, and these differences in struc- 
ture iiuiv fit them for life in their respective envii tiiiiaents. This does not 
mean that all difference's in btructure are adaptive, for such universxU 
adaptation has not been established ; but it is reasonably clear that animalB 
are often straeturallsr adapted to particular oonditions, and are prob- 
ably never found in conditions to which their structural characters are 
seriously ill-adapted. As more detailed examples of structural adap- 
tations may be mentioned the suctorial disks on the toes of the tree- 
inhabiting frogs, the webbed or lobate feet of ducks and other aquatic 
birds, the tuberculate teeth of browsing animals like the elk, and the 
teeth with flat grinding surfaces in grasing animals like the bison. 

Animals may also 1 r apparently adapted to particular environments 
by their coloration. Whatev^ the explanation may l^e, many forms in a 
particular ^vironment have a coloration which tends to conceal them by 
making them look like something in the environment. However, the 
dependence of forms so colored upon their resemblance to specific things 
in the environment has not been shown, and the resemblance may be 
much leas adaptive than commonlv supposed. 

Physiological Adaptation. — Th( eornTal physiological dependence of 
animals upon the physical conditions winch surround them has also long 
been recognized, but the extent of this dependence and the difference 
in the effect of the same conditions upon different forms is only now 
coming to be appreciated. It is generiill\ known for example that most 
of the marine animals cannot live in fresh water, nor freshwater species 
in salt water; that many northern animals are adversely affected by the 
higher temperatures of the tropics, while many tropical animals cannot be 
acclimated to temperatures which prevail in northern latitudes; that 
species which thrive in regions of moist conditions many times cannot 
live in desert areas; and so on. It is not, however, so generally known 
that the dependence upon certain conditions is so close as to cause 
differences in the local occurrence of a form in a very limited region 
and in the purely local distribution of nearly related species. The data 
show that the physiology of the animal is affected by many conditions fii 
the environment, and that variations in any of the conditions may be 
measured from an optimimi (most favorable condition) which may be 
quite different for different species. Thus water eontainingCccof oxypen 
per liter is said to he suitable for the brook trout while the Mackinaw 
trout reciuires less and is found in water with but 1 cc. of oxygen per liter. 
In one family of freshwater fishes the acidity of the water preferred 
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by the blue gill is close to neutrality while the optimum for suiiii.-^iics, 
iiieinbers of the same family, is 6 cc. of carbon dioxide per liter. Again 
certain fishes live in deep water under a pireanue whieh would kill afadJow 
water forms; and when these bottom fishes are brought into shallow water 
or into the air they burst. In this connection it should be pointed out 
that some animsls are apparently adapted to a narrower range of condi- 
tions than others. Semper is authority for the statement that one species 
of Neritina (snails) can live equally well in fresh, brackish and sea water, 
while others occur only in one or the other and cannot stand any appre- 
ciable increase or decrease in the salinity of the water in which they live; 
and, again, that the st ickleback, Gasterosteus andeatus (a freshwater fish), 
will live in sea water if supplied with food, while the freshwater claras, 
Unio and Anodonta, will perish in sea water, sometimes within a few 

hours. 

Adaptation Not Purposeful. — In onnrludinp; this disrnssion of the 
nature of the relations Ixjtwccn animals unci ihn environment it should 
Ik* noted that in referring to the structural and physiological characters 
of species wiiich fit them for life under certain conditions as adaptations, 
it is not understooil that the relationshii) is purposeful. The term is 
now most generally used to mean the fnd of fitness, that is, it does not 
refer to the cawic. Adaptation is advantageous, but not designed. 
Per imps the term adjustment would be preferable to adaptation. 

ANIMAL ASSOCIATIONS 

In general, as has been pointed out, organisms eidst chiefly, or thrive 
best, in particular conditions. Since different forms may react in a simi- 
lar way to the same conditions, they are often brought into the same 
habitat. This is revealed by the presence in each region of animal 
associations. These sssociations are the results of interrelations of indi- 
viduals of different species, of the relations of the individuals of the same 
fl]>eeips to each other, of the dependence of animals upon plants, and of 
the relations of the individuals to the physical environment. Some of 
the relations of animals and the resultant associations are as follows: 

1. BelatiooB between individusb of the same species. 

(a) Colony formation. 
(6) Society formation. 

2. Relations between individuab of different apedm, 

(a) Fuasittem. 
(fr) Symbions. 

(c) Slavery. 

(d) Enemy and prey. 

(e) Mimicry. 

8. Relations of animals to the plant enviroomml 

(a) l*lant« depended on for food. 

{h) Plants depended upon for shelter, shotli'. oic 
4. Relations between animab and the physical cnvirunnient. 
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Colonies. — Colony formation has been considered in the chapter on 
cell aggregation, and it is not necessary to go into detail here. An 
animal colony is a union of numerous individual animals by an organic 
body connection. True colony fonnatioii results, as pointed out in 
Chapter V, only from the adherenee of individuals produced by fission 
or budding. It is not accomplished by the coalescence of originally 
separate individuals; the fusion of separate ceOs of the slime-molds 
(MjraEomycetes) into a multinucleate streaming mass (the Plasmodium), 
and the secondary union of two individuals of a metaaoOn, DifiUMSoiin 
pQTodoxumf in a permanent copulation, are not to be thought of as pro- 
dudng colonies. The marine hydroids and corals are examples of colony 
formation by incomplete division and budding. The colonies formed 
by budding may consist of thousands of individuals which have sprung 
from a sexually produced ancestor. Frequently in such colonies there 
is polymorphism, permitting the functions of the entire aggregation to be 
distributed amonK the individuals, so that there are reproductive units, 
units which capture and digest food, protective and sensitive units, etc. 

Societies. — In social aniin!?ls the reciprocal dependence of the indi- 
viduals is much less than in colonial fornis in that there is communal life 
but no organic connection. It is probal)le that tlu^ sexual impulse plays 
an important part in the formation of animal societ ies. It is known that 
under the influence of the sexual impulse many iUiimals are drawn 
together temporarily; for example, sea urchins, many fishes and snakt.s 
congregate in numbers during the breeding season. Other forms are 
drawn together into loose but more persistent groups apparently princi- 
pally because of the reproductive impulse and for the protection of the 
young; herds of gregarious mammals, like the bison and deer, are examples. 

Finally there are very elaborate societies among insects, in which 
there us pronounced division of labor and polymorphism and thus recipro- 
cal dependence. Many of the ants and bees live in complex communities 
composed of males and females (drones and queens) and others with 
degenerate female sexual organs (workers). The sexual forms give 
rise to the next generation, while the workers care for the home, provide 
the food, and serve for defence. Sometimes the workers are also divided 
into castes with a division of labor, a common division being that between 
true workers and soldiers, the defence of the colony being delegated to 
the latter. 

Parasitism. — Individuals of different species often stand in close rela- 
tion to each otiier because of advantages which they (ItMive from one 
another or because of something which one furnishes to another. Where 
one form attaches itself to another and derives all the benefit, the associa- 
tion is calletl parasLlism. A jxirasitc is an animal which finds its dwelling-- 
place upon or in the l)ody of another animal, the host, and obtains nour- 
ishment from it. Parasitic forms have thus come into a more or less 
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dependent condition and many of them have undergone such extensive 
changes in their organization as to make them incapable of hfe elsewhere 
than un or in the host. The follu \ inp statement of the degeneration 
aissociatt'd with internal parasitism, Lakeu from llertwig's Manual of 
Zoology, p. 168, will make this clear. 

"The depnw to which a parasite has become dependent upon hn^f varies 
in the different spefies; it is determined by the extent to which the parasite has 
adapted itself to the organization of its host. Therefore it is necessary when 
speaking of parasitism to consider the changes of form which the parasitic mode 
of life has eaused in the stnictuie of animals. These eonoem most immediatdy 
the organs of looomotion and nutrition. Since a parasite needs to fix itself as 
finnly as possible to the host, the locomotor apparatus more or less completely 
disappears and an apporatus for fixation to the host becomes necessary; parasites 
of different groups are pro\'ided with hooks, claspers, sucking disks, etc. The 
blood, tissue-fluids, or liquid food of tlu host furnishes nourishment to the para- 
site; these are substunces in solution which scarcely need digestion. Usually, 
therdbre, the digestive canal is simplified or quite disappears; among the para- 
sites there are gutless worms as well as gutless Crustacea. The mode of Hfe of a 
parasite is abo simplified, since it is no longer compelled to seek its food; in all 
parasitoH the nervous system and sense organs undergo a high degree of degenera- 
tion; the former l)ecomef; limited usually to the most indispensable portion; the 
latter, except those of touch, may entirely disappear/' 

There are two classes of parasites, those living within the host, 
enioparantea, and those living on the outside of the body, ectoparasites. 
Examples of entoparasites are tapeworms, which live in the aUmentary 
canal, and liver-flukes, which occur in the liver; and among the ecto- 
parasites may be mentioned liee, fleas and mites. 

Symbiosis. — If the individuals of different species stand in closv^ 
reciprocal relation the association is known as symfn'nsiiti and the associated 
animals are called synihintefi. Symbiosis is rare among animals, a classie 
example being that of the hermit crab, Eupagurus piUmcem, and an 
actinian, EpizoaiUhua ainericanus, 

"Uko every species of hermit crab this also inhabits a snail shell, from the 
opening of which only his fore legs and pincers are protrudetl. Uix)n this shell an 
Epizoanthus becomes attached and by budding soon wvers it with a colony of 
polyps. 'After thus covering the i^hell it is nut only capable of extending the 
aperture by its own growth, but ako has the power of entirely dissolving and 
absorbing the substance of the shell so that no trace of it can be found, though 
the form is perfectly preserved by the somewhat rigid membrane of the polyp. 
The advantage which the actinian derives from this symbiosis is dear; it gains a 
share of the food which the crab obtains* It is less dear what the crab gains by 
the association; however, the polyp is perhaps n protection to him, by means of 
its batteries of nettle cells, while by growth it increases the size of the louse 
occupied by the hermit, and thus saves him from periodic changes of abode." 
(iiertwig, Manual of Zodlogy, p. 170.) 
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Slavvny. — Closely related to BjrmbiosiB is Blavery. Social animals 
frequently not only hold other animals in bondage, but also protect and 
serve them. Certain ants, for example, use the secretion of plant lice, 
and some of the species protect the plant lice in various ways. Because 

of the mutual advantages in the relation of ants and plant lice, this rela- 
tion is often called symbiosis rather than slavery. Some ants enslave 
ants of other species which gather food or even feed their captors. The 
dependence in the latter case may be very cIose, some of the slave-makers 

not being able to feed themselves. 

Predaceous Habit. — Many animals arc ontirel}'' carnivorous and many 
which have herbivorous habits are also ilesli-<>:!t*'r*^. Flf\sh-oatin{j; forms 
are frequently restricted in their diet, or at least toed principally upon a 
limited variety of animals. Thus there' are ifLscctivorcs, <^r insect-eaters 
(for example, many Uzards which feeti l;uK<*iyor exclnsu i-ly upon insects); 
true carnivores, or fleslwatcrs (as the dugs, which fet d u{K»n vertebrates); 
piscivureji, or fish-eaters (the fishes whose main diet is fish); and so on. 
There is much variation in the diet of such predators, but the fact that 
many forms live exclusively upon animals and that many others must 
have animal food of a certain kind as well as plant food is an ecological 
relation of importance. 

IQiniciT. — A highly questionable kind of relation based upon the 
inteirdation of animals of different species has been termed mimiery. 
It has beeo noted that in the same region with certain animals, known or 
supposed to have exceptional means of defence, are other forms without 
such means of defence which resemble them very closely. For example, 
in southern United States the venomous coral snake occurs in the same 
region as a harmless snake, Cemophara coceinea, which resembles it so 
closely that the two species cannot be distinguished at a little distance, 
unless it is known that in the color pattern of alternating rings of red, 
black and yellow there is a different sequence of colors in the two forms. 
Other examples are syrphid flies which mimic wasps, and numerous eases 
among the hutterflie.s. The r(>seniblance is often very close, and nuiy 
involve both form and color. In each case one of the two forms has, or 
is supj:)osed to have, some repellent or dangerous property which saves it 
from attack. The rtp* llcnt form is regarded as the model, the harmless 
or defenceless species as the mimic. 

It has been held that this resemblance is advantageous to the mim- 
icking forms, on the assumption that they are avoided by their enemies 
because the latter mistake them for the repellent species, in which case 
a certain dependence might be claimed. It may fairly be said, however, 
that an advantage has not been established in any instance. Further- 
more, the fact that the mimicking form may occur alone, and that in 
some cases two noxious forms resemble one another very closely, seems to 
show that the resemblance is fortuitous. 
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Ecological Value of Species Relations. — It is clear that when the 
rolatiorisliip Ix^twecn aaimals of different species is such that one is 
de|x?iKlcnt upon the other, that relationship becomes a factor m detcr- 
uiining the distribution. This in best (>xeniplified by the parasitic forms. 
If the host is debarred from or externuiialed from a certain habitat the 
parasite is also debarred or exterminated because of its dependence upon 
the animal with which it iB associated. The same is true of symbiotes; 
and when prey is not to be found in a region a carnivorous form is likely 
to be excluded from it. At this point ecology merges into the field of 
sodgeography. With restricted apphcation the interrelation in habits 
between species is a factor in the formation of animal communities or 
associations as well as in the determination of geographic ranges. 

PUuits as Food. — ^Perhaps the most obvious rdation betvreen the 
plants and ftT!*™ft^» in a region is that which exists between plant-eaters, 
the herbivores, and their food supply. Sometimes this relationship is very 
dose, the animal being dependent upon a certain plant for food. Many 
insects are thus limited in the food which they take. The water beetle 
Donacia piscatrtx, which inhabits the yellow water-lily, is found elsewhere 
only occasionall}' on the white water-lily; and the larva of the butterfly 
Faptlio j)hilenor feeds only on one plant, the Dutchman's pipe. In other 
cases a particular kind of food furnished by various plants may be 
required. Thus there arc; browsing animals which feed upon twigs and 
siioots of trees and bushes, grazing animals wiiich eat grasses and similar 
plants, bark-feeders, flower-feeders, mushroom -feeders, etc. For her- 
bivorous forms with a restricted diet the nature of the vegetation lis an 
environmental factor. 

Plants as Protection. — ^The vegetation may also be an environmental 
condition in othef ways. Animals which require shade, e.g., some tree 
frogs, find favorable conditions in the forest. Some animals lureed only 
in trees; for example, the beetle BupretHs nuUalH amattlaris breeds only 
in the decayed wood of one species of pine, Pinua ri(fida» Other forms are 
structurally adapted to life in trees, as the flying squirrel, and the sloth 
(see frontispiece) which cannot walk except when suspended from a 
limb. Associations held together by various kinds of dependence upon 
vegetation may be easily pointed out. Thus the prairie faunas are com- 
posed of many grass-eating ground forms, while the forest areas are in- 
habited by browsing or other types which feed upon or breed or live in 
trees. 

Gall-forming insects usually derive both food and protection from the 
plants they inhabit. iSotne stage of the insect , most often the hirva, lives 
in or on the tissue of the host plant and in some way stimulates the 
development of palls in which the insects are enclosed. This relation is 
often a very special one, since certain insects produce palls only on the 
hickory, some only on oak, some only on goiduurod, some only on the rose, 
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and so on. In those cases in which two or more species form galls on the 
same species of plant, or in which galls are produced on plants used in 
some other way by another species of animal, the gall-producing habit 
leads to the formation of animal communities. 

Highly Specialized Relations of Asdmals to PUmts.— A few instances 
of the relations between animals and the plants that serve as their food 
and perhaps protection are so intimate and mutually so advantageous 
as to require special mention. These relations are quite as close, in the 
examples to be described, as is the relation called symbiosis; but the term 
symbiosis is ordinarily applied only to relations between animals or be> 
tween plants. The interdependence in these cases is, indeed, so special- 
ized that it does not lead to the formation of animal associations, for 
in eac h instance only one aperies is thus related to a given plant. 

Moths and Yucca. Moths of the species Pronitba yucmsella live 
upon the developinfj seeds of common Yuccas, and the success of the 
moths d(»pen(is f*n ;i plentiful supply of th(\'?e seeds. Now, seeds in 
plants develop only when the stipiiia.s of the flowers nre pollinated. 
The moths appear deliberately to collect the pollen from the flowers and ap- 
ply it coi)iously to the Bti^mns, insuring lh(^ production of the maximum 
numl>er of seeds. At the same time they lay eggs in the ovaries of the 
plant where the seeds later develop. There are al\vii\ s more seeds than 
arc required as food for the moth larva), so that subsequent generations 
of the food plant are provided. Since the adult moth does not itself use 
for food the pollen which it collects, the habit of gathering it and placing 
it upon the stigmas has reference only to the success of the offspring. 
Since one cannot ascribe forethought to the adult moths in this case, their 
behavior is said to be instinctive; but the psychology of such remaikable 
behavior has never been satisfactorily explained. 

Insects aito Figs. A fig is a thick-walled hollow receptacle on the 
inner surface of which numerous minute flowers are produced. The 
fig does not attain its maximum site or best f1[i \ or unless these flowers are 
pollinated so that seeds are produced, and pollination is wholly dependent 
upon an insect, the fig-wasp Blastophaga. These insects enter the fig 
at a minute opening in the end, for the purpose of laying their eggs, and 
incidentally they carry pollen fromsome fig previously \nsited. The culti- 
vated Smyrna fig is so constructed that the eggs of Blastophaga cannot 
be laid in it, hut the insects visit it in search of a suitable place, so that the 
Smyrna fig receives the Ijenefit of f)ollination without otTering much in 
return. The insects must come from inferior wild figs in which their 
eggs i-an Ix^ laid, and it is the practice of fig-growers to hang wild figs 
coiitamiug B!a.sto[ihaga ready to emerge in the Smyrna fig-trees when the 
flowers of the latter are ready for pollination. 

Relations of Animals to the Physical Environment — That various 
conditions in the environment participate in bringing about animal 
associations is obvious. It may be said in general that many ph)^cal 
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conditions arr effective, such as liplit, tomporntiirn, soil, and depth of 
water, aiul that intensities of the conditions are ^rouixM^l in a very general 
way in Ti?itnre Thus in lakes there arp different conditions of tem[>ora- 
ture, gtusrs, lK)tt<)tn, hght, etc., at different depths; and on hind the soil 
conditions, t^'niixM-ature, moisture, and other factors are chtierent in 
swamps, grass-land areas and forests. A study of the conditions in any 
one ]ilaee soon reveals that there are not only freshwater, marine and 
terrestrial animals l)ut that these general habitats may be divided. Thus 
there are Uike, i>ond and stream fonns, prairie and forest animals. Fur- 
thennore, detailed investigations show that each one of these groups or 
associations may be divided into numerous subdivisions, because certain 
forms prefer specific depths, temperatures, or chemical conditions in the 
water, or temperature, moisture, and soil conditions on the land. Along 
with these forms occur other more tolerant species which live in two or 
more asBOdations, but these are not so numerous as to obscure the smaller 
groups* The following list of the animal communities of the streams and 
forests of a region on the south shore of Lake Michigan, adapted from 
Shelford, will illustrate the associations into which the animals of a region 
may be grouped according to })hysical conditions. The associations are 
named either from the nature of the habitat, or from the dominant plants. 

L StTMUB CommnaitiM. 

1. JntermUtent stream emntnttnities. 

{a) Inlcrtnitk'Tit rnpirls nssnrinti«)n«, 
{b) Intermittent pool assoi Kitloiis. 
(c) Pena&iient pool a^i^ocialiouii. 

2, PermantrU dntm communUiet, 

(a) Spring dominated stages. 

(1) SprinK n«<sr>ri;itif)ii5. 

(2) Spring brook a88ociations. 

(b) Creek and river oommumtiea. 

(1) Pelagic a«»oeiatioiia. 

(2) Rapidfl associations. 

(3) Sand or sravH-hottoni a.^sormiions. 

(4) 8anii>-l»ottomed stream a^>ciations. 

(5) Silt or duggish-etream commuiutiee. 

(1) Shiggiili-creek aseoetatiim«. 

(2) Pelagic associations. 

(3) Silt-bottom associations. 

(4) Vegetation aBsociations. 
n. Forest Cominuoitiei. 

1. Btm-^h aeriea. 

(a) Low prairie as-sociations. 

(6) Marsh-! MurL' in thicket aaaociationa, 

(c) Ehii-abti uh^ucialiun. 

2. Tomaradc orJlotUing hog aeries. 

(a) Low prairie or floating hog associations. 

(b) Marsh-margin thicket asHtK'iatioiis. 

(c) Tamarack forest atieociatioiM. 
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3. Flood- pJnin .trnV*. 

(a) Terrigenous river-margin associations. 

(b) Stream-mai^ thicket assootations. 

(c) Elm and river maple aaaodaftions. 

4. Cloy series. 

(a) RaiT clay association. 
(6) iSweet clover association. 

(c) High fonatinargin aflKentioni, 

5. Boek teriet, 

(a) Bare rock associationa. 
{b) Thicket aaaociation. 

6. iSand geries. 

(a) Xake-maigiii aisodAlioii. 

(b) CSottonwood association, 
(e) Pine association. 

(rf) Black oak association. 

7. Climatic forest Jormation of the dectdiwus Jorest dimate. 

(a) Biich-maple assodatton of the tamarack^ocest lerieB. 

(b) Oak-elm -banwood aaaociation. 
(r) BUu'k oak, red oak association. 

(d) Red oak, hickory :i.ssueiation. 

(e) Beech-maple association. 

It is not to be inferred that physiological dependence upon or prefer- 
ence for certain physical ('ondition.s is the only relation which has brought 
about the above listed associations, for some animals are there l)ccaufle 
other? are, or because of tbe presence of certfiin plants. However, 
the fact that the associations correspond in distribution to the phj'sical con- 
ditions indicates that the relations between the animals and the physiral 
conditions jire in considerablo part responsible for them. It ha.s h< rn 
demonstrated by physiologists that animals react diiferentlv to different 
stimuli, that a variation from the optinuim in any one of tlie physical 
conditions essential to life constitutes a stimulus, and that the optimum 
may differ with diiTerent species. This has led to the conehision that 
organisms differ in the nature of their protoplasm as well as in their 
structure and gives a ba.sis for the interpretation of the phenomena of 
animal associations. The power of spontaneous movement makes it 
.poanUe within certain liniits for a specie to find preferred conditions; 
animals with the same general physiological requirements drift together; 
and an animal community, based at least in part upon physiological 
dependence upon the physical environmental conditions, results. 

Anhnal Raactioiis and Habitat — ^The reference made in the preceding 
paragraph to preferred conditions and physiological requirement?, as 
factors in the choice of habitats, and hence in the formation of animal 
associations, may easily prove misleading unless restricted in its ap- 
plication. In higher animals, those mth some degree of intelligence, 
there may be such things as preferred conditions. Such animals may * 
actually seek places where their physiological requirements may be met, 
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&8 a squirrel sch^Ics the trees where nuts may be found. But there is a 
hast of animalSy low in the scale of development, which can hardly be 
said to have a preference. They do have definite physiological require- 
ments, about which however they probably know nothing:. Thoy are 
found in places where theRe requirements are satisfied, but they did not 
seek thosf* places. Sometimes, no doubt, they come upon these habitats 
by chant t . In many cases, however, siniplp Mnimais are led to particular 
localities through the inexorable operations of their own responses to 
stimuli. These reactions are so important as to require further discus- 
sion. 

Organisiris, whether animals or plants, whatever their degree of or- 
ganization, rL'spond to various sorts of stimuh. These stimuU are light, 
temperature, gravity, galvanic current, contact, chemical substances, and 
so on. The character of the response to one or more stimuli is usually 
definite for a given species but may differ for different species. Without 
too much refinement of terms, any reaction of an animsJ in response to a 
stimulus is called a tropMm (derived from a Greek word meaning 1o twm). 
If the reaction is toward the stimidus it is said to be positive, if away it is 
negative. Responses to stimuli are named in accordance with the kind 
of stimulus applied. Thus a response to gravity is called geotro/pitm; 
to Ught, phototropism; to temperature, thermotropism; to electric current, 
(^duanotropism; to contact, ihigmotropiam; to chemicals chemotropism; 
to water, hydrotropism; and so the list might be extended. In place 
of the word tropism the word toxts in combination with a word denoting 
the character of the stimulus is sometimes us<'d, thus, gcotaxis, phuto- 
tdxis, galvanotaxis, thigmotaxis, and so on. The word tavis is from a 
Greek word meaning to arranqe. hence geota.xis means a certain 
arrangement of an orf?anism's hody with reference to stimulation by 
gravity. The modifying words positive and negative are used as before 
stated. 

Why an ammai responds in a certain way to a definite stimulus 
has not been determined. The fact of the response, however, and the 
character of the response are not matters of question since these facts 
can be determined experimentally under controlled conditions. Given a 
certain set of conditions, the organism reacts in a certain way, not because 
it has the power of choice but because it cannot behave in any other way. 
Within the organism is a responsive mechanism which operates only in a 
certain manner. One animal turns toward the light while an individual 
of another species turns from the light. The same animal may respond 
diff^ently to l^;ht, depending oh the other conditions that prevail; 
but under the same conditions the response is invariable. Each animal 
responds in its particular way because it cannot do otherwise. 

Reactions of Lemeopoda. — How these reactions determine the 
relation of an organism to its habitat may be illustrated by a summary 
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of Fasten's account of Lemoeopoda edvxirdaii, a ropepod parasitic on the 
gills of the brook trout, Salvelinus fontinalis, in Wisconsin and elsewhero. 
This puriusitic copepod hMfrlics from the egg as a free-swinnning larval 
form wiiich immediately by swimming; with n darting spiral Tiuition begins 
a search (?) for a proper host. Its bo(iy has a high sjH'citic gravitj', 
lienco it tends to settle to the bottom \vh(»n the animal is not actively 
swimming. In strong light, sunlight or artificial, the copepod swims 
near the surfac e of the water or toward the light, because it is positively 
heliotropic. To weak liglit its reaction is less marked, and if the light 
is very weak, as at night, the copepod gives no reaction at all ami because 
of its high specific gravity it sinks to the bottom. Its behavior to Ught 
is not interfered with by most of the chemical substances used in experi- 
ments; but if into a di^ containing larval copepods, the freshly excised 
gills of the brook trout are placed, the copepods dart about as if they 
sensed something in the water. If they come in contact with the gills 
they attach themselves at once. If in place of the gills of brook trout, 
gills of rainbow trout are substituted the copepods do not attach. The 
latter effect is also obtained if ^31s of German-brown trout are used. 
Evidently something diffuses from the gills of the brook trout whidi does 
not come from the other species of trout mentioned. This must be a 
chemical substance. Observations on fish from the ponds show that 
only brook trout are infested by this parasite while the two other species 
of trout mentioned, as well as suckers and perch, are immune. The 
(*opepo<l giv(>s a posit iv<> (;h(>motactic response to the gills of the brook 
trout and not to the other fish. 

Now, in the poii(l-= during; the day time the parasitir copepod swims 
near the surface in resi)onse to light ; so also do the young trout, probably 
in response t« light stimulus but also because of the presence of food 
organisms which likewise are i)ositiveiy heliotropic. At nig;ht the trout 
seek the bottom; and the parasite, iK'cause it, does not res|X)nd to weak 
ligiit and becau.se of its sfK'cihc gravity, likewise goes to the bottom. 
Again parasite and host are brought into close quarters. While this 
proximity of parasite and host is advantageous to the parasite, it is not 
deliberately sought. It is the animals' responses to certain stimuli 
which bring this parasite into relation with its animal environment. 

Numerous other examples in support of the general conclusion that 
responses to stimuli determine the habitat or immediate environment of 
animals might readily be found. Sometimes these responses lead the 
animal to an advantageous situation, and may then be described as 
adaptive. Often, on the contrary, the reaction appears to be of no 
benefit whatever. The response cannot, however, lead to very harmful 
conditions, for the animals would then perish. Probably, in the evolu- 
tion of animals, such ill-designed reactions have repeatedly originated; 
but if they did, their possessors perished, and we have left today only 
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those whose reactions are useful, or neutral, or at most only slightly 

detrimental. 

The Environment as a Whole. — The relations of animals to each other 
and to the physical environment havn been considered separately, but it 
should be pointed out that it is the sum total of the physical and biological 
conditions affecting the life of an animal which make up the environment 
as a wholo. The spocific complex preferred by a species constitutes it« 
habitat, and a chanRe in any detail may determine the existence, abun- 
dnricn, and distribution of the form. The physical conditions, the plants, 
and the associated animals comprise a complex of environmental condi- 
tions 8u clusely interrelated that variations in any feature may cii.sturb 
the balance an(i render difficult or impossible the existence of a particular 
form. In this connection it should be stated that the physical conditions 
everywhere are changiiig and that the environments are thus unstable. 
Modern geography teaches that streams change with age in respect to 
the nature of the bottom, swiftness, etc., that the lakes tend to become 
converted into dry land, and that land may be elevated and subsequently 
lowered by erosion with consequent changes in soil, climatic conditions, etc. 
The g^graphical changes bring about changes in animal life; and since 
they are orderly a rather definite succession of associations can be shown 
to accompany them. For example, tmder normal conditions the asso- 
ciations in lakes come to be supplanted by those of ponds, the pond 
associations give place to those of marshes, and the marsh associations 
yield to land associations. The animal communities change in this order 
because tliLs is t he geographical sequence which leads to the disappearance 
of freshwater lakes. 

Methods and Aims of Ecology. — The work of the ecologist may be 
defined as the detennination of the animal jissociatlons and the relations 
of the members of each .issociation to the environment, for the ])iirpose of 
discovering the principles in accordance with which the assoeiations are 
formed. In the gathering of data two groujis of students have become at 
least partially differentiated: first, those who place chief emphasis upon 
the detennination of associations and, second, those wiio pursue studies 
of a physiological nature, exjx'rimenting upon animals to determine the 
effects of varying intensities of the physical conditions which are found 
in the natural habitat. The di£fercntiation among zoologists is not as 
prpnounced as it is in the field of plant ecology. There seems to be a 
growing understanding among zodlogists that while a knowledge of the 
associations is necessary, their composition is an end result of the reactions 
of the inhabitants toihe features of the environment, and that the subject 
to yield results must concern itself with these reactions. 

Ecology can hardly be considered a science comparable to morphology 
and embryology. It has a number of points of contact with other 
sciences, but it is apparently essentiaUy intermediate between physiology 
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and zoogeography. In so far as It concerns itself with the determination 

of the nature of the interrelations it is physiology, and the term physio- 
logical ecology has been used to designate this work. The results of these 
studies as well as the determination of the composition of the associations 
provide the data upon whieh Z(K) geographical studies TTiu«t be based, if 
the latter phn'^o of zoology is to l>e coneemed witli eau'-i The more im- 
portant questions of gonpiraphieal distribution of animals, whieh involves 
to a large extent the ecological relations, are reserved for the following 
chapter. 

RvferencM 

Adams, Cbaiujbb C. Pritu-iptes of Animal EooloRy. 

Semper, Karl, .\nimal Life. 

SiUBLPOBO. V. E. Animal CMomuniticii in Tempcrato America, 



Digitized by Google 



CHAPTER XIV 



ZOOGEOGRAPHV 

Zodgeography is the phase of zodlogy which deals with the distribu- 
tion of animals on the earth. It is sometimes spoken of as tlie Reopraph- 

irnl distribution of animals or as animal poography. Some of the more 
striking general facts regarding this disl rihution, and the agencies to 
which it must be attributed, are discussed in this chapter. 

FACTS OF DISTIUB0TION 

The general fact of zoogeography, that there are great differences in 
the distribution of animals, is obvious even to those who have not 
studied the subject and whose acquaintance with animals is very limited. 
Even to the uninitiated it is known that certain animal have a rather 
definite range, or region in which they are characteristically found, and 
' that they are absent from other places. North America does not support 
elephants, except in captivity; the lion-hunter goes to Africa; polar 
bears are much more common sights to the Eskimos than to men farther 
south; and the jungles of India maintain an animal population unlike 
that of the wildest regions of the* new world. With the diversified data 
which wider experience affords, these differences of range are greatly 
multiplied, and may be of a wholly different nature. However, the 
facts of distribution are not in chaos, but may be arranged in a somewhat 
orderly fashion. Many of the differences in distribution may be grnupod 
into five categories: (1) differences in the geographic position of the 
ranpos, (2) differences in their size, (3) differences in their continuity, f 1) 
differences in tlie fihvsical conditions prevailing in them, and (5) differ- 
ences in the f)t(svii;ii I y of ihr ranges of apparently related forms. 

Differences in Geographical Position. — It is probable that with the 
exception of species related as closely as parasite and host no two kinds of 
aiiimal have exac tly the same range. At any rate there are great differ- 
ences in geographieal position. The musk-ox, for example, is an arctic 
species; the nine-banded armadillo occurs in South America and Middle 
America and southern Texas; and the North American alligator is con- 
fined to the extreme southeastern part of the United States. These 
examples are from widdy different groups. Such differences, however, 
are also to be found within the same group, even in groups of as low 
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taxonomic pomtioii as the genus. Thus the ranges of the species of the 
American genus Scaphiopus, the spade-foot toads, are given in a recent 
check-list as follows: Seapkioifm emchii, Teacas to Arisona, noFtl}em 
states of M^oo, Lower California; Seapkiopus hammondiij western and 
southwestern states from Montana to Texas and Me>doo, and west- 
ward to the Pacific st&tes; Scaphiopus holbrookii holbrookii, eastern plates, 
Massachusetts to Florida, west to Louisiana, Texas to Arkansas; Scaphio- 
pus hoVbrookii albus, Florida Keys and possibly the extreme southern part 

thf p(Mi insula of Florida; S^rtrphiopus hurterii, Texas. 

Differences in Size of Range. — Just as thoro are ^rcat difforonccs in 
the geographical position, .-o [here are wide differences iu the size of tlie 
rantre ocn spied by clHTereni forms. The ranges of the larger taxonomic 
groups (^farnilies, genera) are of course more extensive than those of their 
subdivision's (apcdes, varieties), when tliey have more than one division, 
l)ecau8e of the wide differences in the position of the ranges of the less<»r 
groups. Thus, the range of Guplierus pviypfwnius, one of the gopher 
turtles, is the coast of the United States from southern South Carohna to 
Florida and the Mississippi River and north into southern Arkansas; 
the range of Gopherm agaatmi is in the deserts of southwestern Arizona, 
southern Nevada and southeastern California; and Gapherw herlandieri 
occurs in the southwestern comer of Texas and northeastern Mexico. 
Therefore the genus Gopherus which includes these three species has ' 
a range extendingi with interruptions, from the Atlantic to the Pacific, 
Furthermore, the family Testudinids, which includes the genus Gopherus ^ 
and a numbor of other genera, is cosmopolitan in the temperate and trop- 
ical regions except Australia and Papuasia. 

There are, moreover, very great differences in the extent of the ranges 
of groups of tliR same rank, and great differences in the physical condi- 
tions inhabited by dilferent forms. It ha.s been stated above that the 
family Testudinidse is cosmopolitan except in Australia and Papuasia. 
In contrast to this extensive range the family (^arettochelydidce (also 
turtles) is confined to the island of New Guirjea, and the family Dermate- 
mydidsB to Centra) America. The genus Caniponotus (the carpenter 
ants) is found everywhere in North America (also on other continents) 
from the tops of the highest mountains to tiie lowest desert basm, Irum 
the Atlantic to the Pacific, and from the tundras of the north polar region 
to the tro|)ical region along the gulf; while another genus of ants. Syni- 
pheidole, haa been found only in the Garden of the Gods in Colorado. 

Differences in the size of range of species may be illustrated by some 
ci the North American species of the genus Hyla (the tree frogs). Hyla 
vertieolor is found from southern Canada to the gulf states and from the 
Atlantic coast to Minnesota, Iowa, Arkansas and central Texas; Hyla 
tqmreUa from Virginia to Florida, west to Texas, and northward up the 
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MiBBiflsippi basin to Indiana; Hyla graiioBa from South Carolina to Florida 
and Mississippi; Hyla evitUUa only along the Potomac and York rivers in 

Virp,iiii;i and in New Jersey. 

DiSefencea in Continuity of Ranfa.— It has long been noted that cer- 
tain forms occupy a continuoue area while others occur in two or more 

amm that may be distant from one another. Among the many examples 
wliich might be given, the follo^ng have been selected. Among the 
living genera in the family Cainolidjp (tho camels) one, Camelus (the 
camel :ind di-ome<lar\ ), occurs m central Asia and northern Africa; 
and another, Auchcnia (the llama and vicuna), i^^ found in weMern Smith 
America. The genus Alligator (the alligators) is coni|>os(>{l of two species, 
one to be found in central China, the other in southea^stern United Htates. 
These are groups comprising only a few species in each case, yet there are 
wide gaf)s in their known ranges. Perhaps more striking is the discon- 
tinuity sometimes found in the spread of a .single species. Thus, the 
skink Leiolopisma laterale is found in the southeastern United States and in 
China and certain of the southern islands of the Japanese archipelago. 
The Central American and Mexican frog, Lepiodactylm aXbUabrU, occurs 
in the West Indies (on the Virgin Islandsi Vieques and Porto Rico) as 
well as on the mainland. 

It is well established that discontinuous distribution occurs more 
frequently and is more pronounced in the larger taxonomic categories, 
that is, it is more common and the gaps are wider in genera thanin species, 
in families than in genera, in orders than in families, etc. Indeed it is so 
rare in species as to make it a matter of doubt in most instances whether 
discontinuity of a species range may not be due to convergent develop- 
ment ; that is, it may l>e that the forms in widely separated areas which 
look so much ahke that they are regarded as the same species are not 
really so closely related, but have come to resemble one another by an 
independent evolution towards the samo ixoal. Discontinuity in the 
range of a species may also be due to ti ini-jjortation by man, or to acci- 
dental dispersion by nature, such as transportation to islands by means 
of floating vegetation. 

A fact in regard to discontinnous rlisttibution that is constantly re- 
ceiving confirmation, particularly from paleontology, is that groups now 
interrupted in distribution were at one time contimituis. Thus the pres- 
ence of fossils shows that the camels, now in two or three regions separated 
by thousands of miles, formerly occurred more widely in Asia and also in 
North America; tiiat tapirs have occurred in Europe, Asia and North 
America, although now found only in the MaJay Archipelago and tropical 
America; and that a near relative of the alligators formerly ranged widely 
in North America and Europe. So much evidence of this kind has been 
obtained that it is now generally concluded that the distribution of groups 
with interrupted distribution was at one time continuous, except where 
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accidental diaperaal across barriefs or dissemmation by man has taken 

place. 

Difference in Physical Conditiofis in Different Ranges. — The range 
<3i certain animals is in a general way coincident with areas characterised 
by, certain general physical conditions. In North America, the open, 
treeless areas of the west comprise the principal range of the prong-horn 
antelope, hison, ground squirrel^, and many oilier forms. The Oiistem 
deeiduoTif? forest urcn.s ;uv inh;il)itt'd by many fonns that are mostly 
restric ted to them, as the opossum, prey fox, fox squirrel, cardinal bird, 
Carolina wren, and yellow-breasted that. The coniferous forests of the 
north are the home of many species which extend little if any beyond 
them, sucli m the snow-shoe rabbit, pine martin, northern jumping mouBc, 
three-toed woodpecker, and spruce grouse. 

The fact that within areas characterized by certain physical conditions 
are found animals and plants which do not «ctend far beyond tiwir limits 
has led to the recognition of major environments (Fig. 203), which may 
be divided into smaller environments (Fig. 204). The conspicuous plant 
associations of these environments afford a convenient means of designa- 
tion, and coniferous forest areas, deciduous forestareas, bunch-grass areas, 
etc., are recognised. The environments are not sharply separated but 
intergrade on their conunon boundaries. Often this intergradation takes 
the f<Mrm of interdigitation; that is, the regions dove-tail together. The 
interdigitation of the plains areas of the United States with the eastern 
deciduous forest regions is described by Kuthven as follows: 

" It has been shown elsewhere that the prairie region cannot bo merged with 
the forest regions of the states east of IllinoiB, but that neither, on the other 
hand, can it be classed with the arid plains. The enviromc oonditiomi differ 
from those of the eastern forest region in being more arid and principally char- 
acteriased by grass associations, and from the arid plains ia being less arid and 
PMpportinf!; a j^ronter tn^e growth. Furthrnnore and in harmony with thes<« cot?- 
ditiutis tlic terrestri;il vertebrate fauna consists nlrnnst entirely of a niixtun; of 
eastern and western forms. In view of those conditions the region must be con- 
sidered as a transition area. 

"This point will not be discussed further, but it should be noted that the dif- 
ferent elonents in tiie fauna of northwestern Iowa occupy, as a rule, different 
habitats — the prairie forms being western and the margiiial forest forms eastern 
tyjws, while in general it is those associated with the aquatic conditions that occur 
in l>oth recnoii.s. For instance, it is in the marpinnl forest;* alnnp the shores of 
the streams and lakes (iilsu now in tlie groves) that one inids tiic blue jay, Balti- 
more oriole, red-headed woodjiecker and many other forms characteristic of the 
forefts of eastern North America; it is on the prairie that one linds the prairio 
hare, thirteen-lined spermophile, Ftenklin spermophile, western roeadaw lark, 
grasshopper sparrow, prairie chicken, buirowing owl and many other distinctly 
arid forms; while it i.s in the aquatic habitats that one fmds the generally widely 
distributed water birds and amphibious mammals/' 
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Fia. 203. — General vagetatkm mmw of North America. The vmnttMim mnas of 

i'"') rind f'cntral Ani«?rira arc not slinwn. Al>^>^■(• the rojiifcrous forest in CMUuia ic 
the barren ground, or tundra, area. (^Modified /rom Trarueau, ajter Sargent.) 
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FVom this description it appears that the prairies ate intermediate 
between the forest regions and the plains in the same way as a checks 
l>oard is intermediate between a plain white board and a black ooe. 
The checkerboard is not gray, but a patchwork. While on a map of 




Fio. 205. — Annual rainfall in the lower part of the state »)f Michigan. This illustratCH 
the differenoeii in physical conditions which may prevail even in relatively ttuiail areas. 
iAJUr C, F. SdkfMiittr. PUb. 9, JIM. OmI. oihI BM. Swrv.) 

distribution typical plains animals and typical forest animals would 
occur together and so appear to indicate intermediate oonditionsi these 
formB tend to be distributed as an inlay or mosaic. . 
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It is not to be inferred that more than a general uniformity in the 
major onvironinonts isrecognizablo. Incachonvironmont thorcMro differ- 
ences in rainfall, t-cmperatun', vegetation, etc., from j)laee to place. As 
an instance of this variety witness the differences in climatic conditions 




Fio. 206. — Rangee of the North American flying squirroU, Olaucomya tolaru and 0. tabrimu. 

{AJUr Howdt, North Ameriean Fauna, No, 44.) 

within the state of Mieliigan (Fig. 20o), which is in parts of two great 
forest areas, the deciduous and the coniferous. Furthermore, tlie ranges 
of animals are so nuich affected by these differences that there is only 
an approximate agreement between the major environments and the char- 
acteristic forms. Certain animals extend beyond the areas and others stop 



Digitized by Google 



296 



PRINCIPLES OF ANIMAL BIOLOGY 




Fio. 207. — Range of Thamnophia aauntus proximua (Say), the weateru ribbon snake. 

{After Ruthven.) 
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short of the regional boundaries in certain directions. Many species may 
even have an extensive range in two or more areas. Thus Rana pipiens, 
tlie common leopard frog, occurs in general over all of North America 
east of the Sierra Nevada Range; and the raccoon, Procyon lotor, frequents 
the deciduous forests of eastern United States and the prairie-plains region 
as well. If all animals showed as little relation to natural vegetation 
areas as do these two, the major environments mentioned above would 
probably never have been recognized. Witiiout pursuing tlik uncon- 
formity any further it may be said that there are two classes of animals 
which frequently ignore the major environments; first, terrestrial forms 




FiQ. 20B. — Banc* of Thamnopki* tauriiut sackmr (Kenn.). tbm MmthoMtMn ribbon anaka. 

(A/tcr RiUhven.) 



which are tolerant of a wide range of conditions, and, second, mote or less 
aquatic forms. The leopard frog probably owes its general distribution 

mostly to its semi-aquatic habits, and the raccoon to its tolerance. 

in view of the facts (1) that the apparent major environments are 
occupied to a different extent by different animals, (2) that many species 
which are chiefly confined to. them transcend their limits, and (3) that 
many species occur over a large part of two or more regions, it may bo 
concluded that these areas, when regarded as animal regions, are more 
apparent than real. They are the ranges of conspicuous plants with 
which are associated in certain parts some animals and plants which find 
there congenial conditions. These areas are not units in their biotas 
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(animals and plants), since thoy mark the limits only for some of the in- 
cluded species, not for others. A line so drawn as to separate evergreen 
from deciduous trees, or two species of mammals from one another, may 
not separate any other two groups of organisms. However, it is often 
convenient to recognize these major environments, because a genus may 
be divided into its component species by the regional boundaries, or the 
range of a species may stop on or near their limits. The range of the 




North American flying squirrels (Fig. 20G) illustrates this correspond- 
ence with the vegetation areas. Thus the range of Glaucomys volans is in 
general the deciduous forest region and is limited to the west by the 
great plains, and to the north by the coniferous forests, while the range 
of Glaucomys sabnnus closely approximates that of the coniferous forests 
of the north and the mountainous regions of the west. 
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Diffmnces in Praimiity ti Appamtly Related Forms. — conspicu- 
ous sodg^ographical fact is that forms of the same group which are nearly 
alike are generally near together geographically. An example is found in 
the Sauritus group of garter snakes, several forms commonly called ribbon 
snakes. The ranges of these nearly related (onnBt proximtts (Fig. 207), 
aaekeni (Fig. 208), and aauritua (Fig. 209) aro geographically near one 
another, that is, they are not separated by other forms. This proximity 
of the nearly n'lated fonns is diagrammaticaUy ecprossod in Fig. 210. 
On the assimiption that the relationship is a real one it has been stated 

sMirittts 

proxiraos 

Fio. 210. — Affinities in the SauritttS group of garteraaakes. It is ;t«Bun»ed that proxU 
>niij» ia the stem form and ha* given rise to aackrni and sa'intn.^. Tin- diri'i t ion nf ('\ f)lutii)n 
is prorimtu, eMkeni, aauriiua or proximwi, nauritus, nackcm; or pruxunua ]iu& gn'(.'n rino 
diraotly to both aauriiua and nackeiii. Note that if the rourso of evolution is prarimutf 
9auritH$, aa^ttwi, it b eoadudMl tb»t Ui« upper two linee iudioate the directioa of modifioa- 
tion, that it ihb nagfi of waekmi Um botwMn thoae of pnmmtw Mid lattriliM only if the 
aideir of origin of the group is prastintM, aaekem, aauriiua. iAftar ftutfhwn.) 

that directly related forms are gi iicrallv found in adjoining regions, and 
not in the same or distant ones. It is doubtful if this statement is always 
accurate, since the term region may be variously intcrpretxjd. It is safe 
to say, however, that while quite different forms of the same group may 
occur in the same or neighboring places, a form is geographically near 
those to which it is immediately related and more distant from those more 
distantly related to it. 

FACTORS OF DISTRIBUTIOK 

The factors which determine tin distribution of animals in nature may 
be inferred fnna the facts of distribution and the attributes of animals. 
A fundamental fact of zoology which may now be considered estab- 
lished Ls that each kind of aninuil has been derived fiom a preexisting 
kind. In other words, the various groups are genetically related. Before 
this was established zoogeography concerned itself largely with the 
delineation of ranges. This is important work even now, but the ulti- 
mate goal at the present time is to determine the causes of distribution 
in general} the factors of distribution in specific cases, and the steps by 
which the present arrangement over the earth has been brought about. 
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Migration. — An important factor in geography is the wanderings of 
animals. Migration in some form or other is a fundamental attribute 
of animals. There are several kinds of migration, which may be termed 
peri«i<lir, sporadic, and normal. 

Periodic Migration. — (^artam forms move in large numbers from 
one place to another at different times of the year or at different times 
in their life-history. The .southward migration of nian> hirds in the fall 
and their return in the sprinp^ is an example of 8ca.sonal migration. The 
freshwater eel migrates at times separated by an interval of years. In 
its youth this animal ascends the rivers from the sea and lives there for 
years but docs not breed ; upon reaching maturity it retunui to the sea to 
breed. This kind of migration may be called periodie, and it is doubtful 
whether it is effective in extending the range. 

Spocadle Migcattoa. — Somewhat allied to periodic movements perhaps 
are the sudden outbreaks or irruptions of a species that may occur, during 
which the range is widely extended. The chunic example is that of the 
Lapland lemming, a small mammal related to the rats and mice. The 
migration cS this species has been described by Lyell as follows: " Once 
or twice in a quarter of a century they appear in vast numbers, advancing 
along the ground and 'devouring every green thing.' Innumerable bands 
march from Kolen, through Northland and Finmark, to the Western 
Ocean, which they immediately enter; r»nd after .swimming about for 
Sf)me time, j-K'rish. Other band.s take their route throujili Swedish T,ap- 
land to the Bothnian CUilf, where they are drowned in the same manner. 
They are followed in their journey by bears, wolves and iows, which prey 
upon them incessantly. They generally move in lines, which are aUmt 
tliree feet from each other, and exactly parallel, going directly forward 
through rivers and Likt .-.; and when they meet with stacks of iiay or corn 
gnawing their way through them instead of passing around." Another 
case of sudden movements is afforded by the Pallas sand grouse. This 
species inhalnts the stepiK.>s of central Asia, extending into northern 
China and the Kirghiz Steppes north of the Aral Sea in the winter. At 
least since 1859 the bird has been in a restless and disturbed state and great 
waves of individuals have moved out from the normal range. In an 
irruption in 1850 some of them reached Poland, Holland and the British 
Isles. Another outbreak in 1863 apparently involved thousands of 
individuals, and the birds reached Italy and the Pyrenees in the south of 
Europe, Scandinavia and Archangel in the north, and the British Isles 
and the Faroes in the west. Still another wave occurred in 1888 and at this 
time flocks appeared in England, Scotland and Ireland. After each 
wave the species soon disappeared from the invaded countries. The 
extinction may have been due to slamrhter by man, but while some of the 
invaders bred the first year they wtTe not so well established that they 
could have reared young. Such sporadic outbreaks are apparently of 
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tho same naturo as thoso which have Ix^on obsor\ cd within the range of a 
sp^'cios. A ^;ood example is the mouse plague of ilMJ7-1908 in the Hinn- 
tjoldt Valley, Nevada. This irruption has been described^ as ioilows; 

"Always present m Humboldt Valley, these mice (Microliis montanm) attract 
iittle attention when in small numbei& Ueually they are not uniformly abun- 
dant in the diatrict; in fact in many of the fields they may not be present at all. 

They live in scattered colonies in swampy places; along the boitlen of sloughs 
and irrigation ditches; in salt grass patches and in similar damp areas. When in 
normal numbers a little damage may be noticeable about thv l^order:' of fields or 
along ditches where plants have l>een killed during winter an<l si)rinK. Ordinarily 
the mice are very proUfic, each pair producing 4 to G litt<Ts (»f alxmt ti young each 
during the long breeding season, which extends from March to November; and 
probably the young bom early in the season breed before fall. Occasionally 
conditions favor excessive multiplication, and under such circumstances damage 
soon becomes e\ i lMit , and in a single season may increase locall} to the serious 
injur}' of fields. Extending from such centers during the next breeding season, 
and increasing not only !)y reproduction but by joininj; with other colonies, a vast 
army of mice is formed. Becuu.se of overcrowding and the limitation of food, 
such armies invade adjoining districts, and this progress becoiaeti more rapid with 
the disappearance of green food in the fall. Through the combination of several 
such armies, entire districts are overrun. 

''Damage by fidd mice attracted the attention of the ranchmen in the loww 
part of the Humboldt Valley early in the spring f)f 1006 and became severe during 
the following summer. In the fall and winter of 1906-1907, damage had increased 
until fields here and there in the valley were seriously injured. F.xtensivp ravages 
tirst occurred above and about Lovelocks. In May, 1907, fields on the Kodgera 
ranch, 5 miles below Lovelocks, were invaded from the lands farther up the valley, 
the progress of the mice bnng plainly marked, as the fields above the Rodgers 
randi suffered first. Hie movement of this great body of mice, it should be noted, 
was a gradual, scattering pr og r ess ion, first by a few and later by increasii^; num- 
l>cr8, until the greater part had moved to fresh fields. Numbers, however, 
finding conditions improved, remained as stragglers in the fields deserted by the 
main body. 

"By October, 1907, a large part of the cultivated lands in this district had 
been overrun by vtii^t numbers of mice. Tlie yield of hay had been reduced by 
one-third ; potatoes snd root m»ps wws largely destroyed ; many alfalfa fields were 
ruined by the mice eatmg the roots of the plants; and the complete destruction of 
this, the chief crop of the valley, was threatened. 

"The height of abundance was reached in November, when it was estimated 
that on many large ranches there were from M(KK) to 12,000 mice to each acre. 
The fields were riddled by their holes, which were scarcely a step apart, and over 
large areas averngetl 150 to 175 to the sciuare rod. Ditch eml)atikments were 
honeycombed, and the scene was one of devastation. Serious losses in hay and 
root crops during the summer proved hut a slight forerunner of the damage 
which began in the fall with the disappearance of green food. Buirowing down 

'U. S. Dept. of Agriculture, I'urmera' Bulletm '652. 
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about the plants, and extending their underground nins from root to root, they 
either killed or seriuuHly injured the alfalfa. By November they had destroyed 
■o laige a peroentage of theplaDts thatmaay fields wete plowed up as hopelessly 
nmwd. Th^ attacked also the roots of trees, seriously injuring or quite 
destroying orchards. They killed most of the yoong shade trees planted along 
ditches, and so completely gu-dled laige Lombardy and silver poplars that in 
some ca*?cs they caused the death of even such hardy trees. 

"By January-, 190S, in fields where the mice b;ul exi-tPfl hv thoiisands the pre- 
vious summer and fall, comparatively few, possibly 200 to 500 to each acre, re- 
mained. The border of the destroyed district was about 6 miles below Lovelocks, 
and the mice were gradually moving farther down the valley. In the area below 
this mioe were somewhat in excess of nonnal numbers and in several oe&ten ol 
abundanoe had serious^ mjured fields. Even where most abundant, along the 
lower border of the affected area, they did not exceed 1500 to the acre. In the 
winter they attacked every available food supply. Small willows and even grease- 
wood bushes about the borders of fields were stripped of all the bark within roach, 
and hon^e and cattle droppings were gnawed to pieces for the food they contauied. 
Aliaila root«, however, were the food supply on which the mice were chiefly 
dependent." 

Appurontiy f^poradic migralion, as these irruptive movements may 
be termed, does not usually result in an extension of range, for the .species 
are not in the cases observed able to niaiuLain themsclve« in the invjuled 
regions. However, it is at least not iiiii>088ible that at times sueh irrup- 
tions have brought species into regions where conditions were favorable 
and thus enlarged the inhabited area. Instances of widely diseont inuous 
range have sometuneB been explained, whether correctly or not, by spo- 
radic migration. 

Nonnal Migration. — ^In addition to the above t^'pes of migration, 
and 8ome variations of them, every species has a kind of movement which 
may be called normal migraiion. This is best seen ui free-moving terres- 
trial forms. Among the individuals of such forms there is constant move- 
ment; and either as individuals or as flocks they wander about over a 
larger or smaller area, according to their powers of locomotion, to seek 
food, escape enemies or find mates. After the young are bom they also 
l)egin to wander about in search of food, with the additional incentive of 
finding a new home. The individuals on the outskirts of the range Uius 
constantly tend to invade new territory, and where not delimited by un- 
favorable conditions the form gradually spreads. In the absence of 
physical l)arriers the individuals of a species are held together by breeding 
instincts, so that each individual does not tend to wander far away from 
its fellows, or if it does it dies without progeny. It is for tliis reason that 
the spreading from the periphery of the range is relatively gradual. 
When the powers of migration and propagation are great the movement 
becomes more rapid. An illustration of the rapid spreading of a species 
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is furnished by the potato beetle, Leptinotarsa defemlitieataf whose mi- 
gration has been briefly summarised by Tower && toilows: 

"The oriipnal distribution of deeemiineaia was on the eastern slope of the Rodcy 

Mountains northward to the Canadian boundary, eastward int(j westorn Kansas 
and Nebraska, and southward into Texas and New Mexico. In this habitat 
it was found by S-n- in 1 ^23. Then, as n^nv, it was probubly sparsely distributed 
over tlip urea , feeding upon Solnnurn rofitrahon. 1 know of no record of its having 
been found at an elevation over .SOOO feet, or in the Great Basin. 

"In this habitat it remained in stability until 1845 or ISdO, when the western 
Mtension of human ooloniaation uoitKodueed into its habitat a new factor by the 
addition to the flora of a new plant which proved to be an aoeeptable food, 8o^ 
anwn tuherosum. 

"About 1845 or 1850 the settlers in the Mississippi valley, in making their ad- 
vance westward, brought the cultivated potato into the edRO of the habitat of 
deccmlineafft, where the beetle soon learned to use it as i\ food. This exiension 
of the area wherein S. tuberosum was grown into the habitat of decemlinefda 
resulted in the removal of a previously eadsting bonier to further eastward ex- 
tension. This banmr was the wide streteh (tf country in which no food plant 
had hitherto been available and uito which it could not go without food. The 
advent of this new food, however, completely removed the barrier and thcro lay 
open to the eastward an expnnw of tf rritory where optimum conditions of exist- 
ence wore developed. Into this area it began to spread — at first slowly and in 
suiall uuaibers and unnoticed; then in increasing numbers and more rapidly, 
making itself felt as an economic factor in agriculture. Onward it advanced 
yearly, in increasing numbeis and speed, until twenty years from its start it had 
reached the Atlantic coast, a barrier beyond which it has not been able to suc- 
cessfully pass. Fortunatdy the history of this advance Is known from extenbive 
records, so that it can be traced in detail from year to year." 

Although tiie phenomenon of normal migration is meet easily seen 
and comprehended in active terrestrial species it is an attribute of all 
fonns whether free-moving or fixed. In fixed aquatic forms and in 
some slow-moving species the young are liberated as free-swimming 
organisms, or they become attached to free-swinmiing animals and thus 
bring about an increase in the range of the form. For example, the young 
of our freshwater Unios (ciums) soon after escaping from the moth^ 
become attached to the gills of fishes for a period. In addition to being a 
general method of migration, normal migration is with little doubt the 
most effective means of dispersal, for it permits the species to become 
acrlinmt^d to new rondition.s encountered. It is generally slow, but 
when tho age of the form is taken into consideration it is seen t/O be not 
too slow to account for tho present, range of ev^'o tho slow-movinp "f^pnio.s. 
i''or example Gadow states tliat if a pair of earthworms are sufficient to 
occupv one square yard of earth per year with their offspring, their de- 
.scendants long before 3(),(X)() years (a not ini|)robable estimate of the time 
since the ice age) would have choked the whole earth if not repressed. 
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Again if a human family moved gypsy fashion^ only on one day of each 
week, and not more than three miles, then it would wander about 156 
miles each year, and the Mongolians, crossing Behring Strait might have, 
at this rate, reached tiie Straits of Magellan in about fifty years. It is 
thus believed by sodgeographers that normal migration is at once the 
general and most effective method of extending the range and that it is 
suffici^t to account for the size of the range of most animals. 

Accidental DispersaL — Reference to accidental diq)erBal has been 
made in the discussion of discontinuous ranges. Animals are sometimes 
carried on rafts or floating logs or arc blown by the wind beyond their 
normal ran go. Marine birds, such as the gannet, are occasionally, during 
storms, blown inland from tho Atlantic Ocean, as far west as Michigan, 
and a number of observers in the tropics have noted terrestrial animals 
on floating logs and rafts in the rivers and even out at sea. It has often 
been jisserte^l that this method of dispersal, which may he called acriden- 
tni is (^fhcacious iu extending the range, hut the claim has very Httle 
Bupporting evidence. The possibility tiiat islands may have received 
certain forms !>> ad ident is not to be ignored; Imi there are many diffi- 
culties in accounting for the entire faunas of i.slaiids in this way. Some 
of these difficulties are the inability of sonic forms to survive a long sea 
voyage, the fact that many island forms, such as the giant tortoises, 
could not possibly be carried on raits or blown by the winds, the necessity 
that in the higher animals at least a pair of individuals or a pregnant 
female be landed if the form is to be perpetuated, etc. But the greatest 
obstacle to the acceptance of accidental dispersal as an effective method 
of extending ranges lies in the fact that actually observed cases of acci- 
dental dissemination beyond the range of a form are very few and mostly 
open to question. A conservative view is that it may operate at rare 
intervals and for certain forms, and most often over short distances. 

Distribution by Man. — Human agency is responsible for the intro- 
duction of animals and plants to new regions in a few cases that are well 
known, and probably in numerous cases of which we are ignorant. In- 
troduction may have been designed, or accidental. Sometimes the 
forms thus introduced have flourished exceedingly in the new range, 
witness the ni})bit in Australia, the cotton boll weevil in southern United 
States, and liie English sparrow in America. These instances lend color 
to the view that many species, Uving with moderate success or with diffi- 
culty iu regions now occupied by them, rctiuire only to be transported 
to other places to nudtiply with rapidity or <'ven to become dominant 
forms. It is not improbable that species that appear to be on the road 
to extinction owe the reduction in their numbers either to changes in 
their environment or to changes in themselves, and that removal to a 
habitat not ordinarily accessible to them would spell the difference 
between destructioQ and rehabilitation. 
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Depeodence Upon Enviroixinental Conditions. — Another factor of 
distribution is the dt'ijeiidencc of tuidi kind of animal aj>on certain condi- 
tions. This is discussed in the chupicr on ecology, but it siioukl be 
pointed out here that since animals are physiologically and often mor- 
phologically deoendent upon certain conditions, the absence of these 
conditions will limit the range of the species in nature; or, as is often 
said, conditions other than those to which the aninuil is adjusted con- 
stitute a barrier to migration. 

Barrio to migration are of two kinds: first, barriers that cannot be 
passed by means of the powers of locomotion of the animal, and second, 
areas. An expanse of salt water, such as intervenes be- 
tween islands and the mainland, is a barrier to many land animals because 
they cannot swim across it, while a plains area is a barrier to typical 
forest forms, such as flying squirrels, not because they cannot move about 
on the plains but because ^e conditions of life are so unfavorable for 
existence that the forms cannot spread across them. The nature and 
effectiveness of barriers can easily be shown to depend upon the nature of 
the animal. Conditions which servo as a barrier to some animals will 
not act as a harrier to others. Furthermore, any feature of the environ- 
ment, whether temperature, moisture, size of area, soil, absence of food, 
vegetation, other animals, or any other condition, may be the specitic 
cause of unfavorableness if the animal is closely dependent upon soiue 
quality or deprct^ '^f that feature. 

Diversity and Mutability of Environment. — Closel>' related to migra- 
tion lis a factor of distribution and to the physiological and morpholog- 
ical dependence of animals on specific conditions is the diversity and 
change ibleness of the earth's surface. It is common knowledge that 
there are great differences in temperature betweoi the equatorial regions 
on the one hand and the polar regions on the other; that there are great 
differences in temperature between places in the same latitudes, depend- 
ing upon altitude and upon the presence of large bodies of water, ocean 
currents^ etc.; that the amount of rainfaU varies enormously, being in 
some places as high as 100 inches annually and in others as little as a 
trace for years at a time; that there are great differences in soil; that some 
regions have only a very scanty desert flora, others are open grass lands, 
and still others are covered with forests which vary in density and the 
species which compose them; and that the waters vary in chemical com- 
position, depth, size, etc., in addition to temperature. In fact there are 
no two areas that are exactly the same in the conditions which may 
adect animals, and no single area, if at all extenjiive, is the same 
throughout. 

The data of geology also reveal that the physical conditions on the 

surface of the earth are constantly being altered, and that the changes 

which have taken place in the pa3t are very great (Figs. 243 and 244). 
so 
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Continents have boon broken apart and united, islands have appeared 
and disappeared or been connected with and severed from the mainland, 
and climates have changed. Even at the present time it is evident that 
mountains are being destroyed, lakes filled in by debris, and the chemical 
nature of the water is being changed in many places. Moreover, with 
the constant modification which the surface of the earth has undergone 
and is undei^oing the vegetation also has changed and is changing, 
as is evidenced either by a displacement of one association by another, 
such as a forest by a prairie, or by an alteration in the composition of 
the plant associations. 

From what has been said concerning migration and dependence 
upon environments it will be readily perceived that the earth provides 
a multitude of environments, each of which may serve in turn as a barrio 
to a form in a neighboring re^on. A region which it has been impossible 
for an animal to enter may undergo such a change in some one or more 
of its physical or biolopiral features that it no longer serves as a l)arrier. 
Thus the r-inge of the potato beetle as stated abovo was, previously to 
1850, apparently restricted on the east bv the absence of ;i suital lt food 
plant in the adjoining territory, hui when a food plant ^v^is introtiuced 
migration m this direction began at once. Another instance-, on a small 
scale, ha,s recently been not<?d. Previously to 1907, the fox squirrel, 
a forest animal, was in northwestern Iowa confined to the timber along the 
larger streams. Since that date, owing to the number and size of the 
trees planted on the prairies by the residents, the squirrel has spread over 
large parts of the prairie aress. That changes on a much greater scale 
have in the past resulted in extensive changes of range seems to be shown 
by paleontology. Thus there is reason to believe from the relations 
of the faunas that Madagascar was at one time connected with Africa, 
South America has been joined to Australia and New Zealand, and 
North America and Asia have been united. Extensive migrations of 
animals have apparently occurred between these coimtries and then 
been halted by a breaking of the connections. Similarly the great 
changes in climate which occurred in North America and Europe during 
the Pleistocene epoch, from somewhat more equable and milder condi- 
tions than prevail at present, to polar conditions, brought the musk-ox, 
caril>ou, reindeer and similar forms into the United States and Europe 
far J-'oiMh of their present ranpjes. 

Extinction. — Coniph to anniliiiation of a species in anv rcfrion is also 
to be regarded jis a factor of distribution. thoup;h in a sen>e i^umewhat 
difforent from that in which the {)receding agencies are factoi"s of dis- 
tribution. Extinction does not affect the process of distribution, but 
it does help determine the r.-mye occupied. Extinction of itself neither 
helps nor hinders the spread of aiiiiaals to new regions; but the destruction 
of the form m some part of the area occupied by it changes the range. 



Digitized by Google 



ZOOGEOGRAPHY 307 

Distribution as a condition tB thus affected by extinction; distribution as a 
pzocess is not so affected. 

That whole races of animals may be exterminated is very evident 
in the effect which man has had upon the fauna< In North America, 
the passengw pigeon, Carolina {jarrakeet and other six cics have 
poen. extermini^ted, other forms are on the verge of .extinction, and 
numerous species have been greatly reduced in numbers. It is equally 
evident that extinction occurs in nature. The rocks and soil contain 
fossil remains of thousands of forms which are no longer to be found alive. 
There is no reason to believe that the causes of extinction in the past 
were in the main different from those that prevail at present. It has 
been noted t}i;\t fhse^ises, droughts, exceptionally cold weather, multipli- 
cation of enemies, changes in the substances held in the water in the 
case of acjuatic forms, increiised moisture, and other agencies destroy- 
wild animals now. Specifically it may b<' pointed out that during ex- 
ceptionally severe winters the quail in soutlierii Michigan become greatly 
depleted in numbers; that the disease rinderpest which swept across 
Africa a number of years ago is said to have destroyed 65 per cent, 
of the hoofed animals of that continent; that during winters characterised 
by exceBsive snowfall the deer in northern Michigan perish in conaideraUe 
numbers because they are unable to move about freely and thus are 
more liable to attack by wolves; and that during exceptional droughts on 
the pampas of South America and Africa large numbers of wild animals 
die of thhnt, or because, being compelled to get water at a few places, they 
are more readily attacked by carnivorous species. The causes of extinc- 
tion are- very often obscure cither because they work imperceptibly or 
because they cannot be inferred from the remains of the animals. How- 
ever, from the fact that animals are morphologically and physiologically 
dependent upon their environment, it may be safely concluded that just 
as the range is limited by environmental conditions, so any change in 
these conditions in tlu' inhabited area will if gn'at enough lead to extinc- 
tion; and if t he change is coextensive with the range total extermination 
of the race will result, 

Evolutioa. — Many of the facts of distribution are capable of inter- 
pretation by the assumption that evolution has operated with the other 
lacLors. If each kind of animal has arisen from a preexisting knui, 
then each group of related animals nmst have had an ancestral form, and 
if the component parts of the groups are wide-spread the range of the 
ancestral fcnm may be considered to be the center of dispersal of the 
group. The facts of distribution can apparently be interpreted only 
on this basiB. 

Accepting evolution, along with the other factors which can be 
recognised, the method of distribution is generally conceived to be ss 
follows. The ancestral form tends to spread in all directions. In some 



Digitized by Google 



308 J'RIXCIPLES OF ANIMAL niOLOCY 

diieciiona it Ib limited by unfavorable conditions either throii^out its 
life or f or some time. In other directions it ^tcnds its range. An3rwhere 
within its range new types of indivirluals may arise through the process of 
evolution. These new types may be fitted to occupy new regions, and 
if they are formed near the limits of the range they may find opportunity 
to spread into areas which are inaccessible to the unaltered members 
of the species. Thus may arise recognizably distinct forms coincident 
in range with certain environmental conditions. If particular forms, or 
the itidi\'iduals of a sinkdc form, arc accidentally (or pf)s.sil>ly by sporadic 
migration) transferred across harriers the distrihution of the grou{) he- 
comes discontinuous. If these j)r(H r-s(\s have Iwen going on for a long 
time, that is, if the common ancestors ot a group of forms existed long 
ago, the range may have had time to become vtiry extensive, or its dis- 
continuity very marked. If, contrariwise, the ancestors were compara- 
tively recent, the range is likely to Ix) much smaller. Foi tins reason, 
groups that have diverged far enough to have attained the rank of families 
are on the whole more widespread than those so nearly allied as to be con- 
sidered genera. Should the environment become altered within a given 
range, the occupying form might be driven from it or destroyed. If the 
environment in a region adjoining a range should change in a favorable 
manner, the range might be extoaded at that point without any altera^ 
tion on the part of the animab. 

The distribution of animals is inferred to be in harmcmy with this 
method, which involves, it will l)e noted, the factors of migration, evolu- 
tion, physiological and morphological dependence upon the environment, 
the diversity and changeableness of the earth's surface, and extint^tion; 
and in this manner are explained the differences in geographical position, 
differences in size of range, differences in the continuity of range and the 
fact that ranges are at first contintions. differences in physical and bio- 
logical coiuUtions which characterize the ranges of (hfferent forms, and 
the geoi^r.-'pliical jiroximity of apT>;irently related forms. 

Methods and Aims of Zoogeography. — The principal data of zoogeog- 
raphy arc museum specimens and pul)lished records of the occurrence 
of the forms. Modern museums endeavor to preserve specimens with 
detailed localit\ «iui a and to obtain material from every part of the range 
of each species. From the museum specimens and records (and the stu- 
dent must usually obtain them from as many museums as possible) the 
ranges are described or mapped. The descriptions are usually brief 
summaries in which the localities on the outskirts of the known range are 
given. For «cample Stejnegcr and Barbour give the range of the frog 
Pseudacrh omala as "South Carolina to Florida, west to Texas," and 
that of Paeudacria ferianm as "Eastern United States, west to Illinois." 
When the distribution is mapped this is usually done by plotting the 
known localities or by connecting the outermost locality records and 
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covering the endofled area with symbols or shading. At present an in- 
creasing number of museums are endeavoring to preserve ecological data, 
and in time it should be possible to describe the range in terms of the en- 
vironmental conditimis; for example Stejneger and Barbour describe the 
range of the smaU blind snake Siagonodm humUU as ** Deserts of Arisona, 
southern California, Lower Gahfomia and northwestern Mexico/' An 
advantage of this method is that it permits the student to judge of the 
possible completeness of the data, for if the principal range of a form as 
indicated by the records lies within a particular environment it is more 
liable to occur in parts of this environment which have not be^ ffilplored 
than in adjacent areas hfivin^ (HfTf^n-nt eonditiony;. 

Many of the generalizations in zoogeography have been concerned 
with attempts to discover and tielimit so-ealled natural regions. The 
fact that several species of animals are apparently limited in range l)y 
one factor in the environment, such as particular temperatures, and that 
conspicuous species of plants may have the same limitations of range lias 
led students to attempt the delineation of areas on the ])asis of certain 
features and aggregations of forms. Thus the world luus been divided 
into tnajor regions or realms and the continents into smaller provinces or 
life zones, A critical study of these regions shows that they are princi- 
pally based upon one or a few groups, for example, mammals, or mammals 
and birds; that students of different groups fsil to agree on the extent of 
the regions; and that, as far as the inhabitants are concerned, they arc 
based upon averages. In other words, neither different groups nor dif- 
ferent forms in the same group respond equally to any one feature in the 
environment* This is what we are led to expect from the data of ecology. 
It would seem to follow that since each kind of animal is adapted to cei^ 
tain specific conditions, though there may be certain general regions for 
particular groups, the search for faunal regions applicable to several 
groups and based on one or a few environmental factors is hopeless. 
Progre^ in interpreting the distribution of animals can be made only 
by working out the geographical histor>' of each group separately, and 
attempting to discover the several factors which have influenced its 
wanderings. 

Qadow, HaN8. The WanderingB of Animals. 

ScHARrr, K. F. On>;in and Distrniut ion of life ia America. 

ScBAftFV> H. F. The Histoiy of the European f^uua. 
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PALEONTOLOGY 

Many of the fundamental problems which exist in connection with 
living organisms may also be studied, and in some degree solved, with 

reference to beings, now extinct, which lived on the earth in times past. 
This biology of ancient life is termed paleontology. Paleontology may 
be defined as the science of fossil organisms. When concerned with 
animals only, it is sometimes called paleozoolo^' as distinguished from 
paleobotany. Anything having to do with animals not now living, and 
of whirh we have no knowledge except that derived from their remains, 
is part of paleontolof^y. The paleontologist may sttirly stnieture and 
classification only, or he may be interested in distribution, or in modes of 
life and relation toenvironnient, or in thecvolntion of past animals. Tims 
for nearly every feature of the zcxjlogy of modern animals tin n is a ror- 
responding branch of i)al(H)iitol()^'. Many facts concernin^j ortianisms of 
the past can only be inferred, and there is no way in which experiment 
may be applied to extinct forms; hut in some other respects the ]>alcon- 
tologist has sources of information far superior to any posjsessed by the 
student of modem life. 

Nature of Fosails. — A fossil is, literally, something dug up. As ordi- 
narily used, the term includes any trace of prehistoric life. Fossils are 
usually petrifactions of parts of the animals or plants themselves, but 
may be any other signs of the existehoe of such life. The term usually 
implies that the parts or traces of organisms have been buried, thougli 
this feature should probably not be insisted upon. In rare instances 
animals have been preserved in the flesh, almost as successfully as if 
immersed in spirits in a museum. Large mammals have been removed 
from peat bogs in various parts of the world, still in a good state of pres- 
ervation. Mammoths (elephant-Uke animals) have been buried in 
frosen soil in Siberia and t-lsewhere for thousands of j'cars, and then re- 
covered practically intact (Fig. 211). Oil>bearing soils in central Europe 
have yielded a rhinoceros and a mammoth with some of the flesh still 
in place. Small animals, such as insects and even lizards have been 
found entire in de])f\sits of aml)er. This subslnnce is of resinous nalure 
and of uncertain oritjin, bein^ i)rrhai)s derived from pine tn-es. At first 
li(|ui(i, it flowed over and embedded the small bodies without injury to 
them, and then hardened. Some of the most beautiful of fossil insects 
are of this kind, 
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More often only a part of an animal is represented by its fossil, 
and usually only the hard parts are left. In the vertebrates tht; bones 
of the skeleton are commonly preserved; in insects and Crustacea, the 




Fio. 211. — Mammoth found froson in Siberia in 1901. Most of the flesh wa.s still on 
the l>ody and intact. Tho .skin is mounted in the mu.souni of Potrojcrad in the i>08ture in 
which it was found. (From LxdTa Organic Evolution. Courtesy of M'acmiUan Co.) 



chitinous external skeleton; in mollu.sks, the shell; in corals, the calcare- 
ous tubes (Fig. 212). Fleshy parts usually decompose too soon to leave 




Fig. 212. — Fossil of chain coral, Ilalysites, found in Michigan, demonstrating that 
MirhiKnn wtis onr«> rovcred with marine waters and illustrating the prineiple that it is the 
hard parts of animals that arc preserved. (From specimen in the Museum of Gcolouy, 
University of Michigan.) 

an impression of their form in the hardening rock layers. Nevertheless, 
occasional fossils of soft animals are found; and in rare instances minute 
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histological details, such as the structure of the kidney and of striated 
muscle are observable in fossils. 

The remnants which we call fossils ma}' represent the original animals 
in very different ways. In some, the original structures are practically 
unchanged; in others they are completely replaced with minerals; and 
between these extremes there are various degrees of replacement. The 
animals, or parts of them, were buried in deposits of silt at the bottom 
of bodies of water, or under wind-l)lown material. Bones Iniricd in dry 
sand in an arid region may be pructieally the same l^ones today. But 
l)ones l)uried in silt, which later hardened into hirers of roek now far 
beneath the surface of the land, liave been constantly sul)jected to the 
action of percolating ground-water. Particle by particle th(\v have 
been dissolved away, and bit by hit replaced by dej)osils of minerals 
carried in solution in tlie water. This replacement by minerals is known 
as petrifaction. The petrified object is not converted into minerals, it is 




Fio. 213. — DiaRram illuBtratinK molds and cafits. Horizontal shading represents Mdi> 
riiOMtar>- (li i)()sits. vortipiil shadinR the material subsequently filled in. o, mold of a shell 
which has beeu dissolved away by ground water; 6, oast formed by subeequent filling in of 
the cavity at a; e, mold of a shell whose faiterior was filled with sedfanent; the ahett itself 

was sulwoquently rcniovi^fl in solution; d, cast produced !iy filling the ninld mpnatMltsd 
in c. iFrom Hchuchert' n Uioioncal Geology. Courtesy of John Wiley and Horn.) 

merely replaced by minerals. In one fossil this replacement may have 
gone to completion, the original substance being entirely absent, in 
anotiier the oiiginal material may l)e interspersed with islands of mineral 
deposits. Jn general, the older the fossil the more nearly complete is its 
petrifaction. 

Molds are produced when the hard substance of a buried animal is 
dissolved away, but is not replaced by nunerals. A cavity in the rock is 
thus formed, showing the external form of the original. This mold may 
be subsequently filled, forming a east; but since the original was not 
replaced particle by particle the internal structtu« is not preserved. 
Figure 213 illustrates the relation of molds and casts to the original object. 
Casts may also be formed in the cavities of natural objects, such as snail 
shells; but here also the internal structure of the animal is not shown. 
Molds and casts are regarded as fossils, though no part of the original 
object is represented. 
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Animal tracks may also be foasilizod by Ixiing filled in with later de- 
posits of sediment. When the deposits soUdify into rock, and are split 




Fio. 214. — Footprints of two dinosaurs (one large and one Bniall) and rain-marka 
prestTved in a slab of Triasair Buudstone. {From Schnchert'a Hiatorical GroloQy. Courtesy 
of John WHi y and Sons.) 

apart, the lower stratum contains a mold, the upper one a cast, of the 
ariinial's foot. Figure 214 represents such a foot-print. The marks of 
raindrops in clay have Iwen prescirved in a similar manner (Fig. 215), but 




Fio. 215. — Natural castH of min imprints and dinosaur tracks. {From Schuchcrl'a Hinloriral 

Gtoloi/y. Courtesy of John Wiley and Sotia.) 

since they are not animal remains it is (piestioiuible whether they should 
be called f(Kssils at all. Plant impre8.sions are hkewist; verj' common, a 
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oonsiderable proportion of fosBil plant life consisting of molds and 
casts. 

Sttbseqttent Fato of Fossils. — Onoe a foasU is formed it is subject to 
physical agencies that may destroy it completely or considerably distort 
it. Formed under water, the rock strata in which fossils are now being 
discovered were elevated and drained. In this process of elevation, 
folding; and breaking of the rocks, many fossils were injurod or dest rt)yf>d. 
Circulating ground water may redissolve the inatorial of which the fossils 
are composed; and if the material is replaced the internal fctructure of the 
animal is likf'l}' to bo lost. Erosion lays baro numerous fossils, which may 
l)c weather-worn, or washed away; and if the fossils were in fragments the 
parts are scattered beyond recovery. Pressure in the rock strata, due 
in part to the weight of rock above, but perhaps more largely to shrinkage 
of the sediment in drying-out, crushes many fossils, so that the latter 
are ofU ii in fragments and far from representative of the original form of 
the animals 

Discovery of Fossils. — Fossils are not found everywhere, and it is 
seldom that the paleontologist sets out to find them without some clue. 
Natural erosion may lay bare deposits of great value, in which the fossite 
are accidentally discovered by travelers or exploring parties. Elcava^ 
tions for buildingSp drainage canab and ditches, railroad cuts, mines and 
quarries are prolific sources of first discoveries. Particularly valuable 
leads are often followed up by scientific expeditions sent out by museums 
and universities. Most of the valuable collections have been brought 
together by this concentrated, directed effort, not by casual discoveries. 

Change in Species During Geological Time. — ^The primary fact of 
paleontology, which makes the study of fossils both fascinating and \m- 
portant, is that the animals of the past were very often unUke the animals 
of today. There are, it is true, many instances in which there is httle 
or no difference between extinct and living animals, especially in late 
p^olnpical i>eriods. Even in early periods some forms existed which were 
very similar to animals of today. Lingula, one of the brachiopods still 
living in marine waters, is nlmost identical with certain very ancient 
fossil brachiopods. But among the older forms of life similarity- to recent 
forms is exceptional. 

Moreover, the living beings of one past age differed from tiiose that 
preceded or followed them. Examination of successively deeper and 
deep< r s( rata of rock revealB differences in the animals which lived when 
those rocks wore deposited. Animals which are abundant in the lower 
(oltler) strata are wanting in those above, while new forms take their place 
in the more recent rocks. So characteristic are these changes from one 
stratum to another that geological time may be messured, or at least 
divided, with reference to the fossils contained in the rocks. 

In order to be able to speak of the successive rook deposits geoIogiBte 
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employ a seri^ of terms like those in the aooompanying time scale. It 
is given in sufficient detail to be used as a reference table, and the larger 
divisions of geological time must be mastered even by the beginning 
student. 



Geological Timk Scalb' 



£raa | 


Major Divisions 




Periods 


Dominant life 


B^hcMKMe 






Recent 


Age of man 


Cenosoic 


Quatomary 
Tertiary 


Glacial 

Pleistocene 

PlkHwoe 

Miocene 

Oligocene 

Eocene 


Age of mammnls and mod- 
ern floras 


Mooioic 


• 


Cretaceous 
Comanohlan 

Jurassic 
Triaasic 


Age of repUlee 


PaleoMic 


(CArbonlfeious) 




Pennian 

Pennsylvanian 
Mississippian 


Akc of amphibians and 
lycopods 






Devonian 
Silurian 


Age of fisnes 






Ordovi'^inn 
Cambrian 


Age of higher (shelled) 
invertebrates 


ProfteroBoic 




Keweenawan 

Animikian 

Iluroiiian 


• 

Age of primitive marine 
invert«brateH. 


Archeujsoic 




Laurentian 
Keen'atui 


Age of unicellular Ufe. 



'The jK'in.ls of a geological timg scale are arranged in the tiaine order as th»' 
straul beluagiag to them, that is, with the oldest at the bottom. To read such a 
table in chronological order one must therefore begin at the bottom. 



In dotormining the period to which a given rock stratum belongs the 
charafter of llie rock itself is usually of little value. The fossil animals 
and plants are used as recognition marks. 'I'hough there is some irregu- 
larity in the occurrence of some kinds of animals, certain fossils -wv so 
characteristic of agiven geological age that they are termed " index fossils," 
It is assumed that, the world over, these animals lived at approximately 
the same time, and that their remains are now found in contemporaneous 
rocks. While this a.ssumption is pro!)al)ly incorrect in some cases, as 
pointed out below, it almost ccrUiuIy is true as a general proposition. 
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The interpretations to he put upon the differences in the animals of 
successive periods of time are manifold. The same group of facts may 
often be made to bear upon a variety of questions. 

Change of Environment. — Probably nothing will appeal more forcibly 
to a person who knows something of living animals and the habitats in 
which they are found, than to discover in liis excursions afield the fossil 
of an animal in a region when; it could not possibly exist under present 
conditions. In Michigan, for example, sorn(« of tin* finest of extinct corals 
are found (Figs. 212 and 216). Corals are today exclusively marine 

animals, and pn»sumably were marine in 
earlier times. Yet Michigan is now in 
mid-continent, hundreds of miles from 
the nearest salt water. The environment 
has changed. This is not an isolated 
instance, it is but one of many similar 
cases. Continents and shore lines have 
changed often and greatly, as the fossils of 
land and marine aninuils testify. 

The siime spot on the earth's surface 
has been repea((»dly dry land and under 
water. Fossils indicate that swami)s liave 
changed to plains, forests to grass-lands 
and finally to deserts. Climatic changes 
have \>vvn frequent. Tropical tempera- 
tures, JUS indicated by luxuriant plant 
growth and att^^ndant animals, changed 
to winter severity, which was later 
ameliorated. Humid regions have be- 

Fio. 216.— Fosaii of cup coral po^c arid in many places. No other 
found in MicluRaii. (h'monstratinK assumptions will explain the fossils found 

tha< MichiRBn was onre covered . t-rr .1 1 • 

with marine waters. {From bthH- «it different levels m the sjmie n^gion. 

tnrn in ifu- Mu^rum of Geoioav, Migrations of Animals. — The changes 

{ mvernty of Mxchxaan.) ^j^^ nature of the earth's surface in the 

past necessitated the migration or extinction of most if not all of 
the animals inhabiting the changing regions. Some of these earth 
(changes were radical. As Michigan, for example, changed from sea- 
bottom to dry land by the elevation of the earth's crust, marine animals 
necessarily either followed the sea as it receded, or became modified so as 
to be capable of life under new conditions. Probably no animals emerged 
from the sea, during these changes, to live on land, for alterations to 
suit land (M)nditions would have involvetl in most eases both structural 
and physiological changes, some of them fundamental in nature. Possi- 
bly a few could endure brackish, or eventually even fresh water, and 
remained in streams or inlets, but the majority almost certainly could not 
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tolerate the new conclitioiis, and foliowed the retreating ocean. If they 
did not iiiigrate. they perished. 

Smaller changes in the environment, especially those occurring on land 
such as a sUght change of climate or of vegetation, probably presented 
less rigorous alternatives* As was pointed out in the preceding chapter, 
individual animals of today may become sUghtly altered structurally 
or physiologically so as to be capable of living in a habitat from which 
their unmodified relatives are bmed. If these changed individuals live 
near the margin of their range they may migrate into some adjoining area 
where the other members of their species cannot follow them. Thus a 
new species, occupying a contiguous region, may arise. The same princi- 
ple may have operated in the past, permitting migration to occur. Such 
modifications in animals as would fit them for slightly different environ- 
ments may occasionally, where the environment itself was being altered, 
also have operated in a different manner and made migration unneces- 
sary. Thrrc nro some instanrrs of iincipnt torrostrial animals which ap- 
pear to have become niodificd almost simultaneously with ehange? in 
their environment. If while a region was being slowly altered as to eli- 
mate, soil, vegetation or other features, certain individual animals witiiin 
the region were modified in a way which happened to fit them for the 
new conditions, the changed individuals could remain while the unaltered 
mcml)ers of their sfxH-ies might be forced to migrate or might perish. 
Some biologists hold that, in case of a .simultaneous change in thcen viron- 
ment and in the animals, the change of environment caused the change 
in the animals. But there is much in favor of the view that the two 
changes were wholly independent of one another in origin. In thecasesof 
parallel alteration of animals and environment, the two changes happened 
to fit each other. We are ignorant of those (perhaps much more numer- 
ous) cases in which the changes of animals and environment did not suit 
each other, for the animals must have perished or migrated early in the 
period of modification. 

Migration of animals has also been helped or hindered by the format 
tion or destruction of land bridges connecting continents, etc. Reference 
to these geological changes was made in the preceding chapter to explain 
peculiarities of the present geographical distribution of animals. Paleon- 
tology also affords evidence of such changes. Fossils of horses in Europe 
and America indicate a former connection between those continents. 
North and South America were connected up to middle Eocen{> time (Fig. 
217. /I) and were then .separated (B) until late in the Miocene epoch or 
later when, indicated by fossils of mastodons, deer, horses, etc., mi- 
gration between the two continents again became possible. 

Migration of the Environment.— In the alteration of clirpate, topog- 
raj)hy, etc., a given kind of environment is believed to have traveled, 
in some instances, acro&s a continent during the passage of time. Case 
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has deflcribed what he suggests to be an instanee of migration of ihe en- 
vironment from Pennsylvania and West Virginia on the east to Texas, 




Oklahoma and New Mexico on the west. The "red beds" in the region 
indicated owe their color to the oxidation of iron under certain climatic 
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conditions existing when the deposits were formed. In Pennsylvania and 
West Virginia these "red beds" are found as low as the Conemaugh for- 
mation (late Paleozoic). With the rise of the land in eastern North 
America the climutir ronditions necessary to the oxidation of iron ex- 
tended farther ami farther west, so that red deposits arc found in the 
states of tlie southwest. But in this latter region the earhest red rocks 
are in the Wichita-Clear Fork ])eds which according to nearly all the 
evidence mu.st have been deposited at a much later time than the Cone- 
maugh beds of tlie east. The environment appears to have migrated 
across the continent during the elevation of the land, occurring succes- 
sively later and later from east to west. 

In harmony with this interpretation is the fact that certain reptiles 
and Amphibia oharacteristio of that age are found in much earlier deposits 
in the east than in the west. These animals apparently migrated west- 
ward as the environment suitable for them moved westward. This 
conclusion is quite in keeping with what is known of the factors of geo- 
graphical distribution of animals of today. In this instance the reptilian 
and amphibian fossils cannot be regarded as "index fossils" by means of 
which the geological age of the rocks can be ascertained; they sre 
rather "index fossils" by which certain environmental conditions can be 
identified. 

Lines of Evolution. — The change that occurred in the races of animals 
in past time, whether or not related to changes in the environment or to 
the migrations of the animals or their environment, was not a lawless 
process. Although present knowledge of thp rhnnge is often imperfect, 
owing to the vicissitudes to which the fossils have been subjected and to 
the fact that many more fossils nrr 'still undiscovpred than are now in 
collections, there are plain indications tliat evolution in extinct animals 
was quite orderl}'. This statement is particularly well supported in cer- 
tain cases where fossils of similar animals have l)een found in successive 
geological formations representing a long period of time. When the 
fossils are from rocks separated from each other by compaialively short 
time periods, a very complete series of animal remains may sometimes 
be obtained. Such series have been recovered for the mastodons and 
elephants, horses, cephalopods, camels, and others; and in each case the 
actual course of evolution is plainly indicated. 

Bvoltttion of the Elephants. — ^The mastodon-elephant series shows a 
larger number of obvious changes than most of the other series named, all 
of theae changes except that of the sise of the body having to do with 
features of the head. From the numerous specimens of elephant-like 
forms available, the following are selected (following Lull) as probably 
representing a direct line of evolution: Maritherivan from the upper 
I^ocene of Egypt; PnUromustodon from the lower Oligocene of Egypt, also 
from India; TrUaphadan from the Miocene of Europe. Africa, and North 
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America; Mastodon from the Pliocene and Pleistooene of Nortli America, 
Europe and Asia; Stegodon from thePlioceneof aouthern Asia; ajodElephas 
from the Pleistocene of the Americas, Europe and Asia, as well as the 
living olcphants of Asia and Africa. A study of Fig. 218 in connection 
with the following account will disclose the mure striking stops of evolu- 
tion. These forms difffrpd from one another in a number of features, hut 
the differences between any member of the series and the one tliat pre- 
eedes or that which follows were so small that the series is obviously a 
continuous one. Moeritherium was very different from the modern ele- 
phant, but the intermediate forms completely bridge the gap. The series 
exhibits an enormous iucreiuse in size of body, changes in the form and 
size of the teeth, a reduction in the number of teeth, an .Uteration in the 
method of tooth succession, the enlargement of certain teeth to become 
tusks, tbe elongation and subsequent i}hortening of the lower jaw, the 
development of the upper lip and nose into a proboscis, and an ineiease 
in the height of the skull through the development of large cavities in 
the substance of the bone. These features are described in the several 
forms seriatim. 

Moftrifherlitm. — ^The earliest animal recognised as belonging to the 
elephant series, Mceritherium by name, was recovered from the late 

Eocene and early Oligocene deposits of northern Egypt. It was slightly 
over three feet in height. The feat ures suggesting elephantine affinities 
are the high posterior portion of the skull (Fig. 218,F') composed of some* 
what canoeUatc bone, that is, bone containing open spaces; the elongation 
of the second pair of incisors in each jaw to form short tusks; the indica- 
tion of transverse ridges on the molar teeth ( Fig. 21S,F); and the posi- 
tion of the ntisal openings some distance back of the tip of the upper jaw, 
indicating probably a jirehensile upper lip. There were 24 teeth, and 
the neck was long enough to enable the animal to put its head to the 
ground. It probably fed ui>on tender shoots and swamp vegetation. 

Palseomastodon. — This form also lived in Egypt, but has recently 
been found in India. It dates from early Uligocerie time. PalaK)ma8to- 
don was of somewhat larger size than the preceding form, the posterior 
part of the skull was distinctly higher (Fig. 218, £^0 with a greater de- 
velopment of canccUate bone, and the neck was somewhat shortened. 
The upper ineisors of the second pair were more elongated as tusks and 
bore a band of enamel on their front surfaces. The lower second incisors 
were present, but not enlarged. All other incisors and the canines had 
disappeared. The molar teeth (£) resembled those of Mceritherium but 
were larger. The lower jaw was considerably elongated, and the total 
number of teeth was still high (26). The nasal openings had receded 
until they were just in front of the eyes, which is believed to indicate 
the existence of a short proboscis extending at least to the tips of the 
tusks. 

81 
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THlophodoiu— Triluphudun, a great migrant and consequeutly wide- 
spread over several continents as stated above, exhibited in several re- 
spects a striking advance over PaUeomastodon; but this advance was 
in the main in the same direction as was indicated by the change from 
MoBiitherium to Paleomastodon. Trilophodon was a huge animal, 




Fio. 218. — Evolution of the head and molar teeth of the mastodoofl and elephautfi. 
The skulls oti ihu riRht are orirlosed in the flesli in the form the latt«r is niipposed to have 
had. A, A', Elephai^, I'leiatoceno; B, Stogodon, Pliocene; C, Mastodon, Pleistocene; 
D, D', Trilophodon. Miorene; E, E', Pal© )raa3todon, Oligoeene; F, F*, McBlitlwrium, 
Eocene. (From LuU'$ Organie Ewlulion, eourtwy «/ MacmUian Co.) 

nearly as large as modern Indian elephants. Tiie tusks were eonsider- 
ably longer (Fig. 218;/>0> ^i^^ »t,ill bore a band of enamel. The molar 
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teeth were large and greatly reduced in number, so that only two were 
present at any one time on each side of each jaw. The surface of these 
teeth bore a somewhat larger number of transverse crests (Fig. 218, />) 
than were present in the earher forms. The lower jaw was enormously 
elongated, so that it projected as far forward as the tusks. The great 
weight of the lower jaw and tusks was associated with a considerable de- 
velopment of cancellate bone in the skull, to which the supporting mus- 
cles of the neck were attached. Presumably there was a proboscis 
which extended to or beyond the tips of the tusks and lower jaw. 

Mastodon. — The mastodons on the whole represent a line of develop- 
ment which became extinct; but in their incipient stages they appear to 
have given rise to the succeeding forms leading to the elephants. The 
body was somewhat larger than that of Trilophodon, being about the size 




Pia. 219. — MaHtodon tooth, showing i\\e> enormous cusps on the upiK>r surface. (From a 
California specimen in the Museum of Geology, I'nivcrsiiy of Michigan.) 

of the Indian elephant. The tusks (C) were much elongated (9 feet 
or more), but the lower jaw was greatly shortened and the lower incisor 
teeth were reduced or wanting. The molar teeth (Fig. 218, C, and Fig. 
219) were scarcely more complex than earlier forms, and numbered two 
on each side of each jaw. They were still crushing teeth, and the food 
must have Ix^en tender twigs and succulent plants; indeed, remains of 
such objects have been found in the region of the stomach of some of the 
fossil mastodons. 

Stegodon. — This animal is of interest chiefly because the molar 
teeth lx)re five or six well-defined transverse ridges (Fig. 218,5). These 
ridges were due to plates of eimniel extending up through the tooth, 
and enclosing a sulwtance known as dentine. Over the enamel in an • 
unworn tooth was a thin coat of a third substance called cement, but 
there was not much of this substance between the ridges. In the latter 
r(\spect Stegodon difTered, as is pointed out below, from the elephants and 
mammoths (see Fig. 220 for the tooth of a mammoth). On the whole, 
Stegodon was intermediate between the mastodons and elephants. 
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Elephas. — In this gonus are included a number of extinct forms 
(the mammoths) from three or four continents, and the hving elephants. 
The extinct forms, though called mammoths, were not large animals, 
Ixjing no larger than the Indian elephant of today, and not so large as 
the living African species. Some of the features of the elephants, 
their size, the short neck, the long proboscis, and the heavy tusks are 
matters of common observation. The skull is very high and short 
(Fig. 218,A0. The height is due chiefly to the development of cancellate 
bone, not to the enlargement of the brain which is still quite small. 
As stated above, the high skull affords the necessary leverage for the 
muscles that support the weight of the tusks. The molar teeth arc dis- 
tinctly grinding teeth (Fig. 218, A; see also Fig. 220). Each tooth bears 
a number of transverse ridges, about ten in the African elephant and 
two dozen or more in the Indian species. These ridges are worn down 



A B 

Fio. 220. — Tooth of Mammoth (Elephas) from the Pleistocene, showing the flat 
RrindinK surface and the uutnerouH plat«s uf enamel bound together hy cement. A, side 
view; B, surface \new. (From specimen diacovereti at Ridgeway, Michigan, in 1912, and 
preserved in the Museum of Geology, University of Michigan.) 



by the chewing of harsh food, so that the upper surface displays a number 
of flattened tubular plates of enamel enclosing dentine and bound to- 
gether by cement. A tooth is completely worn out by use, and is re- 
placed by another. The method of replacement, however, is pecuHar. 
While the tusks (incisors) are of two sets, one following the other like 
milk and permanent teeth of other mammals, the grinders succeed one 
another in continuous ftishion. There are never more than two visible 
grinders on each side of each jaw. As they wear out they move forward 
in the jaw, and are replaced by new teeth appearing behind. New molars 
thus enter at intervals of two to four years in young elephants, and at 
intervals of 15 to 30 years in later hfe. If an elephant Uvcs long enough 
(60 years or more) it develops a total of 28 teeth, including tusks, but 
has not more than ten (often less) at any one time. 

CJorrelated with the nature of the teeth of the elephants is their food 



Digitized by Googl 



324 



PRINCIPLES OF ANIMAL BIOIXXSY 



and chewing habits. Whereas the ancestral forms whose molars bore 
proniiiu'iit eicvatiotiH lived on twi^ and tender herbage which they 
erushed in iii:i8tication, the maminuths with their flattened tooth siir^ 
faces devoured griisses, sedges, and other harsh vegetation which they 
ground with ktteral motion of the teeth upon one anoth^. In this 
respect modern elephants arc Uke the mammoths. 

In the chnnges deserihefl above is found one of the most beautiful 
and best established evolutionary series with which the paleontologist 
is a(-(|iiainted. Only a few others equal or approach it in clearness and 
completeness. 

Evolution of the Horse. — An excellent evolutionary series is that of 
horse-like forms of America and the Old World, Practically the oldest 
recognizable equine animal is Eohippm of l'Locen(> time in westia n North 
America, though Europe had a very sligluiy {simpler animal of the same 
general period. Most of the development of the Hne of dciicent from 
Eohippus took place in North America, where, to select only some of the 
forms that setem to be in the direct line, there appeared Mesohippua 
in the lower Oligocene, Meryehippua in the Miocene, Pliokippus of 
Pliocene time, and Equw which includes a number of Pliocene and 
Pleistocene fossil forms, as well as the living horses. These animals 
underwent changes in the feet from a three- or four-toed condition to 
the modern one-toed animal; the teeth, in the early forms short-crowned 
and capped with conical prominences on the upper surfaces, became high- 
crown(;d and wore down as they grew so as to have fiat grinding surfaces; 
the skull changed in proportions and in certain features of the orbit of the 
eye; and the body as a whole increast d proatly in size. 

Eohippus. — Eohippus stood about twelve inches high, and had a 
short head and neck. The forefoot bore four well-developed toes, but 
the skeleton shows a splint bone on the inner side of the hand which 
indicates a fi\ i'-to<Ml ancestry ( l''i^:. 221). The hind foot has three toes 
with a splint-bone r('j)i('S('nting a fourth, and in one specimen another 
small splint-bone remaining from a fifth toe. If the ancestorsof Ilohippus 
hud five toes, as the splint-bones seem to show, the himi foot lost ita 
toes more rapidly than did the fore foot. It is also worthy of note that, 
as shown by the si/e of the splint-bones, the inner digit of each foot was 
the first to ili.sap{)ear, the out(?r toe next in succession. The inner digit 
of vertebrate animals is customarily designated the first, and the others 
in order outward. Thus as portrayed in Fig. 221, the first digit in the 
horse was the first to be lost, the fifth digit next. As is pointed out 
below, in later members of the horse series, the second toe degenerated 
next, followed soon by the fourth. The teeth of Eohippus were sh^t of 
crown and relatively long of root. The upper surface bore several 
conical cusps which, however, showed some sign of fusing to form trans^ 
verse crests (Fig. 222). The skull (Fig. 223) was small, the lower jaw 
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comparatively short, and the orbit was placfxl well over the teeth, making 
the face relatively short. 
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Flo. 221. — Diagrams of the feet of members of the hotse series. The carpal and tHrsnl 
bnnes are not separately represented. The Roman niuneraU indicate the numbers of diK- 
it>. till- iuiiiT diftit being designa!i'<l 1. -1, foro n\\<\ hind fo<'i of lOohipiius. luwer Eocene; 
B, foro and hind feet of Meaohippua, loner Oligoccoe; C\ fore aud hind feet of Meiychipptu, 
Miooeiw; JO. fora and hind feel of PUohippiu. Pttoevne; ton and hind feet of Eqaua. 
Fleittoeene alid reeent. 

Mesohippus. — ^This animal was about 18 inches high. It had only 
three digits on each foot, but on the outer side of the fore foot was a 
splint bone representing an extra toe (the fifth). Figure 221 represents 
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the feet diagrammatically. Of the three well developed toes, the middle 
one (third) was in each foot distinctly larger than the others. The skull 



1% 
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Fio. 222. — Fossil toeth of ancient horfle-like animala. a, tooth of Eohippus with the 
roots broken; b, tooth of Mcsohippus: c, tooth of Merychippua. {Photographvd fnmi 
apecimena in the Zo^Hojical Laboratory of the Unxveritity of Mtchigan.) 

(Fig. 224), except for its increase in size, had not changed strikingly. 
The crowns of the molar teeth were still low (Fig. 222) and were tubercu- 




Pio. 223. — SkuU of Kohippus, about natural siae. (From mwtrl prrjHired hy Ward'9 

Natural Science Establishment.) 

late, that is, provided with cusps on the upp)er surface, but the cusps 
were more distinctly united into ridges or crests. 




Fio. 224. — Skull of Mcsohippus, about 5fo natural .mzo. (From photoffraph of apecimm 

in Museum afOcology, University of Michigan.) 

Merychippus. — The feet of Merychippus were all three-toed (Fig. 
221), vestiges of the fifth toe being present in some specimens and wanting 
in others. The lateral toes, however, wcro high above the ground, 
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thus marking a distinct advance from the condition in Mesohippus. 
The entire weight of the body was borne upon the middle (third) toe. 
Quite as important as this reduction of the lateral to<^8 was the change in 
the teeth. The permanent molar teeth had moderately high crowns, 
and the upper surface was worn down to a flat grinding surface marked 
by sharp ridges of enamel set among dentine and cement (Fig. 222). 
Merychippus was evidently a grazing animal, whereas its predecessors 
must have fed upon succulent herbage which was crushed, not ground. 
The milk molars of Merychippus, unlike the permanent ones, were short- 
crowned and had little cement. The two sets of teeth thus showed in 
the lifetime of one individual changes of the same kind as were taking 




Fio. 225. — Skull of Merj'ohippufl, about *fo natural size. (From model prepared by 

Ward's Natural Science Eatabliahmtnl.) 

place in the race of horses, and recall the so-called Biogenetic Law 
(Chapter X) according to which the development of an individual 
repeats the evolutionary stages of the race to which the individual 
belongs. The skull was enlarged (Fig. 225), and the lower jaw was 
heavier in evident relation to the change of the teeth. The orbit of the 
eye occupied a more posterior position relative to the teeth, making the 
face relatively longer. The orbit was also completely closed behind 
by a bar of bone which in the earlier forms was merely a process pro- 
jecting down from above. The body had increased to a height of three 
or four feet. 

Pliohippus. — This animal was not appreciably larger than the pre- 
ceding member of the series, but differed from it in at least one striking 
feature. The two lateral toes had disappeared (Fig. 221), except as 
long splint bones. Pliohippus was thus the first one-toed horse. The 
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teeth were moderately long-crowned aud possessed grinding burfaces. 
The body stood about 48 inches high. 

Equus. —Tilt! fuHHil horses of Pleistocene time were so nearly like the 
living furnis lis to be included with the latter in the same genus. The 
recent animals are 60 inches or more in htught, and weigh many huudri ils 
of pounds* Bach foot has but one toe (Fig. 221), on the tip of which 
the animal stands like a ballet^lancer. Two lateral toes are evidenced 
by splint bones, and in rare cases a reveFsionary horae is bom with 
externally visible digits articulated with one of these splints on eaeh 
fore foot. The teeth are long and columnar, and grow continuously 
during early and middle life, during which time the wear at the upper 
surface approximately equals the growth. The grinding surface is worn 
flat, except that the enamel resists the abrasion more successfully than 
do the dentine and cement, so that the enamel forms sharp cutting ridges. 
Til • position of these ridges changes somewhat as the tooth is worn to 
different levels and the pattern of the upper surface is indiouiive, in a 
general way, of the age of the animal. Late in life growth of the teeth 
prnrtic.'illy ceases, and then the teeth may become (juite short. The 
skull is enlarj^ed, particularly the front portion of it, probably in relation 
to the battery of large teeth which it contains. The face is relatively • 
longer than in the ancestral forms, since the eye is set well back of the 
teeth and the brain case has not been relatively enlarged. 

Relation to the Environment. — During l^ocene tinie, wiien i'^ohii)pus 
live<l, North America is believed to have had a moist cHmate with an 
abundance of soft or marshy ground. On such ground an animal with 
four-toed or three-toed feet, especially if it rested partially on the soles 
of these feet, could have walked more successfully than could an animal 
with but one toe on each foot, particuhirly if it stood on the tips of these 
toes. Later the climate became more arid, streams and lakes dried 
up, and the hard plains lands were developed. One-toed horses could 
occupy these plains successfully, and the lightening of the lower part of 
the iegB waa in the interest of speed. If, as is not improbable, the vegeta- 
tion of the earlier periods was tender or succulent, whUe later the harsh 
grasses and sedges became prominent, the change in the teeth of the 
horse-like animals from crushing stnirtures to grinders also served to 
fit the animals for the environment in which they lived. Whether the 
increase in size is to be regarded as an advantage is uncertain. 

While the changes <lescribed above have in the main fitted the horses 
to live in the environment which they occupy, it is not to be assumed 
that the features of the enviroiunent caused the animals to change in 
this way. The cause s of such evolutionary modifications are discussed 
in the following chapter. 

Evolution of the Camel. — -The camel family underw -nt most of its 
evolution in North America. The earlie^st genus recognized as ancestral 
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to the camels was Protylopus of late Eocene time. From it appear to 
have sprung thnn? lines of desoi^nt, two of which became extinct. The 
third led to the camels of today. Members of this third evolutionary 
aeries livinl in North America until Pliocene or Pleistocene time, when 
they migrated to South America, Asia and Africa, and none have been re- 
(ovon'ti from later deposits in North America. In South Anu^rica their 
descentiant.s U^camc the guanaco and the vieuna (both belonging to the 
genus Auchenia) from which the domestic llama 
and alpaca have been derived. In Asia and 
Africn thv. migrants gave rise to two species of 
camels, tho one-humped Arabian camel, or 
dromedary, and tlio two-humped camel of 
central Asia. Both of these species are doiiies- 
ticate<l; indeed, it i.s doiihlful whether t licrc have 
been any truly wild camels in the 01<i World for 
thousands of years, since the undomesticated 
camels of Turkestan arc |)rol»alily feral, that is, 
tliey liavc escaped from tiumcsticalion. 

The evolutionary changes undergone by the 
camels resemble to some extent those of the 
horse, and are described here in less detail. 
Protylo])us, the "original" camel, was of about 
the size of a large rabbit. It had 44 teeth in a 
continuous row, of which the molars were low- 
crowned. The orbit of the eye was open at its 
posterior margin, the fore feet possessed four 
separate and functional toes, and the hind feet 
two functional and two reduced toes (Fig. 226). 
From such an animal have come, by changes 
which were not evenly distributed over the inter- 
vening I4CCS. the guanaco, the vicuna and the 
huge camels of Asia and Africa. The teeth of 
these recent animals are but 34 in number, and 
are separated into several groups by wide tor)th- 
less s|)aces. The molars have rolalively lonp 
crowns. The orhit of the eye is coinplctt ly 
chwrd posteriorly. The two lateral tcxs liavc 
l>e<'ii cuiMpli tely lost, so that no vesliuc of ihtiii 
remains, and of the two toes that do remain the 
metacarpals in front and the metatarsals behind 
have lLL>ed into a isinj^le hone in each foot, divided at thi- distal end to 
])ear two distinct series of phalanges. The structure of the toes is such 
a.s to allow t hem to spread, and a pad has been dev<'loped beneath them. 
Nothing is known of the evolution of the hump, since this elevation is 
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merely a mass of fat varying in size with the state of nutrition of the 
animal, and is not corrflated with any peculiarity of the skeletcm. 

Evolution of the C«]ihalopods. — An excellent fossil record among the 
invertebrates has been established for the tetrabranchiate (four-gilled) 
Cephalopoda (Mollusca). This branch of the cephalopods is reprospnted 
today by Nautihis, wliirh lives in a coilcfi sht'll, ^'xt^Tnallv rpsoml)ling a 
snail shell. However, the animal lives in only a small poi i ion of the shell 
near the aperture. The rest of the shell is divided bv ]):irtitions into a 
number of chambers, from whi.h the animal is excludeci. Tnesc parti- 
tions, or aepta, represent the positions occupied by the animal earlier in 

_A 





Fin. 227. — niafframs of mitiirps of cephalopodB, reppeeentr»fl sprrnd mit with th© 
ventral point iu the aiiddle. A, urthoouue; B, nautiluid; C, gtiiiiatite; D, reratiie; E, 

ammonite. 



its life. As th? body prows, it moves periodieally forward into the wider 
part of the shell and secretes a partition lu hind it.<clf each time it moves. 

Tetrabranchiate cephalopod.s have been found, as fossils, in Cambrian . 
rocks. Thfty became fairly abundant in the early Ordovician time. At 
that time, unlike the modern Nautilus, their sheUs were straight cones 
{arthoeanu)* All later forms appear to have descended from these 
orthocones. Fossils of cephalopods are found in the strata of all periods 
from the Ordovician to the Cretaceous, and as stated above a few mem- 
bers of the group are still living. 

The course of evolution was as follows. The shell soon began to 
bend, and in many forms became closely coiled in flat spiral form like 
the shell of some snails. Owing to their resemblance to Nautihis these 
animala are called nauHUiidt, They were very abundant in Silurian 
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time. Up (o this period the septa aeross the sheU were flat and saucer^ 
like, and the ralttres, the linee of junction of the septa with the wall of the 
shell, were nearly straight or only slightly curved. Later the septa 
became bent in various ways, at least at their edges, so that the sutures 
were curved or anguUr (see Fig. 227). Forms whose sutures were of 
this curved and angular form are caUed gomalittB, and they were abun< 
dant in the Carboniferous period. These were to a large extent superseded 
in Triassic time by other genera, still tightly coiled but with sutures thrown- 
into a number of rr(z;nlnr curves and saw-teeth, which may be described as 
"crooked." These forms with crooked sutures are known as ceratitea, 
from a very common genus Ceratites. And finally, in the forms known 
as ammonites, the sutures became finely crimped in a compound fashion, 
often prodiirinR most exquisite foliaceous patterns. Theammonitea were 
most abundant in the Jurassie to rrftnpoous strata. 

Though there were many irregularities and overlappings in the series 
of tetrabranchiate epphalopods, tlir fossils show on the wliole clear 
evidence of progress from a straight shell to one liglitly coiled, and from 
nearly straight sutures to sutures that were bent, angular, crooked, and 
finely lo!)ed. 

Relationships of Living Animals. —The existence of fossil records 
demonstrauiig step by step the origin of animals now living from more 
primitive ancestors can hardly escape throwing light upon obscure 
relationships of modem groups. Even when aeries as complete as the 
ones described above are lacking, fossils of animals intermediate between 
two living groups may create the presumption that both groups have 
sprung from a common stem. Thus the reptiles may be traced to an 
amphibian ancestry through the Stegocephali, huge armored Amphibia 
of the past. Birds are assigned a reptilian origin through Archeopteryx 
(Jurassic), a reptile-like animal which, however, had feathers. Manunals 
have been derived from reptiles, as indicated not only by fossils but also by 
the facts of structure and embryonic development. The paleontologist 
is not called upon to decide only the relationships of the major groups of 
animals. He is most successful, it is true, in establishing the connections 
between phyla, classes, and orders; but attempts to relate families by 
means of fossils are not iinconimon, and problems of generic and specific 
rank are cssaj-ed with ns little hesitation as in tlie case of living animals. 

Extinction of Groups. — Everywhere in the rise of tiu' animal groups 
of today there have been tragedies more thrilling than the memorable 
catastrophes of historical times among men. Races have come into 
being, have passed through a series of changes, and then perished. Some- 
times what may be regarded as the main line of development was pre- 
servi'd, while only the offshoots were lost. At least, in those cases, the 
modern animals represent as complex an attainment as the lateral lines 
which disappeared. In other oases, the climax of the series was extin- 
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guinhed while all that now remains is from thf primitive early nieuil)ers 
of tho ?tock. In the horse serie.s, we have left today the most highly 
moditied nieinber, while its less specialized ancestors and several less 
specialized lateral branches have been lost. In the elephants and 
camels, also, the greatest amount of modification of which we gain any 
knowledge from fossils is preserved in the modern animals, while only 
the fmbears and several sister lines of less complexity have met extinc- 
tion. In the cephalopoda, however, the maximum development was 
lost. The forms with bent, crooked, and foliaceous suture are known 
only as fossils, while the living forms of today are almost identical with 
the nautiloids, whose sutures were only gently curved. If, as is naturally 
assumed, the Nautilus of today is the practically unaltered direct de- 
scendant of the naiit Holds <>f Silurian time, relatively primitive forms 
have been preserved while the highly spcrinlized have jierished. 

Among the reptiles, too, the paths of glory led but to the grave. 
The reptiles rose to a mighty station in the Mesozoir era, which is known 
as the Age of Reptiles. They spread over most of the earth, and North 
Amorica was an im]K)rtant secno of their development. Some were 
small -u^imaLs, ot licrs as lar^re as the lar^:(»st whales. Thrir skeletons show 
tiic largest ones to l>e GO to 80 feet in length; such animals in th(> flesh 
must have weighed many tons. But they did not specialize in size alone; 
they exhibit eii a variety of structure. Some were lizard-like and evidently 
ran low ujM>n the ground, while others sIikkI high on their legs. Some 
bore their weight on all fours; others, as indicated by two-footed tracks 
and the size of the bones, ran upon their hind legs. The furLlind)s of the 
latter were used only for grasping. Neoks and tails were long and slender 
in some, short and stout in others. Many of them were armored in strik- 
ing fashions. Curious armatures had arisen before Mesojsoic time, for 
Edaphosaurus (Figs. 228 and 229), a Paleosoic form, had long spines on 
its back joined together like a fin. It was in the dinosaurs of the Mesosoic 
era, however, that bisarre external structures attained their greatest 
diversity, as exemplified in the rows of flat plates of Stegosaurus (Fig. 
230), and the curious horns on the head of Triocratops (Fig. 231). 

The group of dinosaurs, dominant among the reptiles, of multitudinous 
form and high specialization, took its rise in the Triassic period; under- 
went its evolution in early and middle Mesozoic time ; reached the extreme 
specialization descriV)ed above in thn rretafoous period; and then 
perished! The reptiles of todaj' are all much less specialized. The 
nearest modern reptilian relatives of the diriosaurs appeal' to be the croco- 
diles, of which there are but few speeies ami none of them are highly 
specialized. In lliis case, as in the eeplialopods, the most highly spe- 
cialized branches of the group were extinguished, while the more primi- 
tive survived. 

The cause of the extinction of whole groups of .aninials is unknown. 
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One can but conjecture the factors responsil^lc for the demise of the 
offshoots of the family tree of the horse; for the loss of the collateral 
lines among the elephant's kindred; for the failure of the ammonites in 




Fio. 228. — Skeleton of a Permo-Carboniferous reptile. Edaphosaunix crucigrr. (From 
a Hpccimcn in the Museum o/frvology, l-nircritity of Mich^oan. mounted utuier the direction of 
Profeasor E. C. Case.) 



the ('('phulopods* struggle for existence; and for the extinction of the 
reptilian aristocracy, the dinosaurs. Many surmi.Kcs have been offered. 
Most suggestions are to the effect that these animals found themselves 




Ki<i. 22\i. — Restoration of the reptile EdaphoMaunu* trucigcr. (Hy Pro/ewor E. C. Caae.) 



in an unsuitable environment and that the environment became inhospi- 
table through geological or climatic changes or through the ris<> of other 
(inimical) forms of life. However, it is quite jwssible that any lack of 
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fitness for the environment came about through changes in the animals 
themselves, rather than through changes in the environment. The fan- 




Fio. 230- — Skeleton of the armored dinopnur SreRnpnimis. (From LuU'h Orpanic. Evolution. 

Courtcay of MacntiUnn Co.) 

tastic forms and the huge size which the dinosaurs, for example, jissumed 
can hardly have been responses to factors in the environment. The 




Fio. 231. — Restoration of horned dinoRaiir Trioernt(>p!». {After Lull, from Schuchert's 

Hiatorical Gtology, John WxU y and Sont.) 

evolutif)n of these reptiles was probably started and directed by forces 
within the animals, independently of external conditions. What these 
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internal foroes may have been can only be conjeetured, but some possi- 
bilities are pointed out in the following chapter* If the evolution of fins 
and tails and plates and horns and ponderous size was due to internal 
causes, these causes may have effected still further evolution, until 

animals were produced that were unable to cope with the environment, 
whether that environment changed or not. Undoubtedly the en\nron- 
ment did change during late Cretaceous time, as it is always changing; 
but there is nothine t<3 indicate that this environmental change was 
responsible for the extinction of the dinosaurs. 

Some one has wittily expressed the view that the extinction of groups 
was occasioned by factors within the animals by saying that they "died 
of evohition." 

It iiiuy be pointed out that nations of men have also risen to prominence 
in the world, have been leaders for a period, and then sunk into oblivion, 
to be succeeded by other naUons. However, the origin and extinction 
of animal races and the rise and fall of nations may have nothing in 
common, except the fact that no one knows the cause of either 
pb^omenon. 

PMhistoric Bftan. — ^The difficulty in an attempt to relate the rise and 
fall of nations of men to the evolutionary cycles of other animals is that 
nations are usually not biological units. They are political units, often 
held together by common language or by force, and with few exceptions 
do not represent racial unity. Abandoning, however, the artificial 
classification of men into peoples, and regarding the human race as a 
unit, we may find in man the same progressive development as in any of 
the other great groups of animals which once held a dominant j)lace in the 
world. Man has had his rise, as did the reptiles, and before them the 
Amp^iibia and fishes. Whether he is also to experience a decline and 
extinction remains for tlie future to reveal. 

Structurally man plainly belongs to the Primates, an order of mam- 
mals including the- monkeys, marmosets, baboons, gorillas, and the like. 
To some of these animals he bears much more resemblance than to ot hers. 
Thus, there is no question that the anthropoid apes stand much nearer to 
man, structurally, than do the other primates. Were one to look for 
evidences of genetic relationship of man to the other mammals, structure 
would point to these apes as furnishing the nearest living ccmnection. 

Actual establishment of this connection through fossil remains has 
been long delayed. Even now it rests on a series of fragmentary remains 
which, when compared with the reptilian, cephalopod, or mammoth 
record, appears meager. However, taken in connection with the ana- 
tomical evidence, there is scarcely room to question the common ancestry 
of man and the apes. 

The oldest remains that indicate an approach to%\ ard human charac- 
teristics were found on the island of Java in 1894. They consisted of 
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part of tlh' >-.kull, two teutli, and u femur. The femur indicaird that, its 
owner walked in an erect posture and wa.s nearly a,s tall a.s men of today; 
but it is the teeth that point most strongly to an advance })eyoiid the 
simian condition. The name rithecanthropus erecius has been applied 
to this forui. Other remains contemporaneous with it fix the geological 
time as early Pleistocene, or perhaps half a tniUion years ago. 

Homo heiddbergenriSf the Heidelberg man, is represented only by 
a lower jaw with its teeth. This was found near Heidelberg in Germany, 
Its human character is assigned to it largely from the nature of the teeth, 
which are certainly not ape-like. The other animals belonging to the 
same period indicate the time to be the second inter-glacial stagCi or 
perhaps 300,000 years ago. Crude tools appear to have been in use at 
this time. 

The Neanderthal man, Homo noanderthalenaiB, was first found in 
Prussia in 1856. Several other specimens were subsequently recovered 
in Belgium, France, Croatia, and at CJibraltar. These reUcs hail from 
the third inter-glacial and fourth glacial stage, the former period being 
probably much more than 100,000 >'enrs ago. Large portions of the 
Hkoloton have been saved in some of iIk specimens. The jaws are less 
massive than the ear]i<^r forms, and while the ehin still reredes it is . 
more {)rouiinent than in the apes. The t(>eth of the difTerent speeimrns 
are variable, but these and the skull characters in fj;eneral are intermediate 
between those of the anthropoid aj>es and modern man. The skelet-ons 
were taken from iiurial places, where ornaments and tools were also fouiui. 

Quite recently (1912) fragments of a skull were found at Piltdown, 
Sussex, England, which seem to antedate the Neanderthal man. But 
since its status is still much in doubt, it is not placed in this series. 

Cr6-Magnon men were found first in France and Wales. A number 
of entire skeletons have been excavated. The skull was nairow, but 
the face broad, as in the Eskimos of today. The cheekbones were promi- 
nent, as was also the chin. The skull was large, and the facial angle 
indicated high intelligence. Signs of civilisation in the fonn of works of 
art, methods of burial of the dead, etc., point also to considerable mental 
development. 

The gradual approach toward modern human characteristics which 
these man-like forms constitute can be better visuahzed from restorations. 
Figure 232 represents three members of the series. The restorations of 
Pithecanthropus and the Heidelberg man are somewhat Pprrtilative, since 
only parti^ of the skulls are known; the later forms required little con- 
jecture. The expression mimv not, of <;ourse, be correctly estimated Imt 
the measuremenl.s are reliable. Such f(>a(ures as the prominence ot the 
jaw.s, the degree of recession of the ehin, the height of tlie cheekbones, 
and the slo[>e of the forehead are (at leitst for the form.s who.^*' skulls 
are completely known) correctly portrayed. The figures indicate a 
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progression from a distinctly ape-Uke animal to a decidedly man-like 
being. 

Unfortunately there is no evidence that these several forms belong to 
a genetically continuous st;ries. They may be related as ancestor and 
descendant, but that they are so can be stated only as a conjecture. 
Still more unfortunate is it that Cr6-Magnon man appears not to have 
given rise to the highly developed races of today. The Cr6-Magnon race 
declineil Ijcing probably represented by few individuals today, and was 
superseded by immigrants from the cast. How the human development 
proceeded in Asia, if that is where the early development of the races that 
overran Europe took place, can only be told when fossils of early men 
are discovered in that continent. Perhaps such discoveries, if they are 




Fio. 232. — Reatoration."? of prchistorio men. Loft, Pithecanthropus erectus; middle, 
Homo neandfrthalcmnx, m«Klelpd <»ii the ( ■hapelle-aux-S,iint« skull; right. CnVMaRnoi) man, 
modeled on typo skull of the race. (From origitial buata by Profcaaor J. 11. McCregor.) 



ever made, will make it pos^siblc to connect the ancestry of pn\sont-<lay 
man with some memlwr of the scries described above earlier than the 
Crd-Magnon rs>ce. 

The Nature of Paleontological Evidence. — Fossils, as even the brief 
account in this chapter will show, constitute some of the very best evi- 
dence regarding the fact of evolution. In this respect, paleontology 
tliffors from most other .sources of information concerning evolution in 
the distant past. When the study of comparative anatomy reveals 
likenesses in different animals, one can only infer that these likenesses 
are due to inheritance from a conunon ancestry. WTien comparative 
embrj'ology shows similarities in the embryos of two groups of animals, 

22 
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ono can only assume that the oourae of development is hroiifz;lit Hown from 
a common forebear. And when the prest^nt distribution oi aannulw seems 
to require that two groups should have sprung from a single antecedent 
group, it is nevertheless only an assumption that they did tims diverge. 
The conclusions stated above are plausible, but they are necessarily only 
inferences. It is otherwise with the facts of paleonrtology. They 
leave no doubt that animals were different in different periods; for 
there are the remains to prove it. There is usually no need to argue 
which are the earliest forms, for the age of the rocks in which they lie can 
in general be ascertained in other ways. Often, unless there are long 
gaps not bridged over, the course of evolution is clearly mapped out; 
for in successive layers of rock are the remains that show by just what 
steps a given kind of animal evolved* 

Paleontology occupies this favored position as evidence of evolution 
only so long, however, as it is concerned merely with the fact of evolution 
and with the course which evolution has taken. As soon as the facts of 
fossils are used to make incursions into other fields, inference is necessarj'. 
From a flat crowned tooth one may iiif( r thui the owner was a grazing 
animal, but that i^- not proven. Restorations of extinct animals in the 
flesh are inferences based on a knowledge of modern animals. From a 
facial angle a certain degn^ of intelligence may be inferred, but only 
inferred. Thi^ ridges on a bone may indicate lieavy muscles, but they 
lack something of proof. In particular, fossils ofTer no evidence regard- 
ing tbe cause of evolution. It may be easy to devise plausible explana- 
tions for the changes that animals have undergone; but for proof of the 
correctness or incorrectness of these explanations facts have to be 
gathered from other sources. 
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CHAPTER XVI 
EVOLimON 

From specific statements made here and there in the foregoing 
chapters, and from inferences inevitably drawn from various facts therein 
related, the student can hardly have escaped drawing the conehision 
that the animals of today are not like the animals that once inhabited the 
earth. Such a conclusion will hnve l)een strenRthenfMl by much that is 
discovered at first hand in the laboratory. To explain many of the facts 
of structure and development in living organisms, the nature of fossils, 
and the distribution of living animals and plants, it seems necessary to 
assume that species have undergone gradual changes. This gradual 
change is called evolution, and species are saiil to have evolved. Man has 
been one of the products of evolution no less than other animals. Not 
one species of living organism has escaped the modifications tbat con- 
stitute evolution. Though some kinds of organisms have been relatively 
ooostanty while others have been altered rapidly and often, there is no 
species alive now whieh is not different from its most remote ancestors. 
Close similarity between modem and ancient life is limited to low forms. 
Nor has evolution been confined to the pttst; it is going on today. Not 
every species is evolving now, so far as can be discovered, but some species 
are. A few 3rears or a few centuries hence, the species now undergoing 
modification may have reached a fairly stable condition, and other species, 
now apparently constant, be in a period of alteration. 

Darwin and the Rise of the Evolutioil Theory. — A brief historical 
account of ideas of evolution has been given in the first chapter. As 
wn-' pointod out there crude ideas of evolution were held by individuals 
even as early as the Greeks. Noteworthy theories were proposed by 
Luiitnrok and others at the end of the eighteenth centur\' and in the early 
nineteenth century. Wide acceptance of the doctrine of evolution, how- 
ever, dates only from the time of Charles Darwin (Fig. 233) who has the 
distinction of having brought together so many facts indicating evolu- 
tion, together with a theory to account for the facts which was so plau- 
sible, that thinking people were everywhere driven to adopt his views. 
The life of Darwin and tiie history of the evolution idea as developed by 
him stand, therefore, in much the same relation to the evolutionist as do 
the great epic poems to the student of literature or the story of the Magna 
Ch^a to the historian of constitutional government. A brief account 
of the origin of modem ideas of evolution may w^ be added to the 
general statement made in Chapter I. 
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Danvin was tremendously influenced by the work of the famoup 
geologist, Sir Charles Lyell (Fig. 234). Lyoll attempted to explain pjist 
geological changes by proces-ses going on at the present time. If geolog- 
ical changes in the past of which we have present day evidence in the form 
of rock strata, configuration of land surfaces, continental forma, sul)- 
merged islands, and the like, could be explained by such processes as 
erosion, rising or sinking of the land or sea floor, and volcanic action, 
which are now going on, Lj-ell insisted that .such explanations should l>e 
employed. No proces.ses of a different order from those of the present 
time .should be appealed to imless present day oc(;urrences do not explain. 
This insistence on the application of modern proces.^es to the explanation 
of past events is known as the doctrine of unifonnitarianism. 




Fio. 233. — Charioa Darwiu, 1809-1882. (From UniTerailu Mauariiw. Photo fjv Lconani 

Daru-in.) 

Darwin believed that tliis doctrine could be applied to living organisms 
as well as to rocks and hilLs and shore-lines. He had made a voyage 
around the world, in 1831 to 1830, as naturalist of a surveying party 
on the ship Beagle. Most of this voyage was devoted to the shores 
of South America. Darwin had opportunity to make long excursions on 
land, and observed many remarkable phenomena from which he began 
to .suspect the mutability of species. After he returned from the voyage 
on the Beagle, he thought it worth while to open a note-book (in 1837) 
in which he jotted down everj-thing that came to his notice that seemed 
to bear on the question of the fixity or changeability of species. For 
twenty years he collected such information as industriously as his health 
would permit. He had a happy faculty of using others to help him in this 
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work. He was constantly in correspondence with animal breeders, many 
of his conclusions were drawn from studies of animals and plants unilcr 
domestication, and he waa the first to be willing to use knowledge so 
gained to argue concerning hving things in nature. Often he asked 
others to make observations or perform experiments for him. As a 
result he had a mass of evidence which seemed to him to point strongly 
to the conclusion that animals and plants are now in the process of 
evolution, that they have evolved in the past, and that the things 
which are causing evolution now caused it then. 

His first idea as to the cause of this evolution was gained in 1838 
from the reading of a book by Malthus, " Essay on Population, " in whi(!h 
it was pointed out that overpopulation led to a struggle for existence. 




Fio. 2.'J4.— Sir ('harles Lyell. 1797-1875. {From Schuchcrt'a Historical Oeolooy. John 

Wiley and Sofia.) 



Darwin was at once struck with the idea that " Under these circumstances 
favorable variations would tend to be preserved and unfavorable ones to 
be destroyed. The result of this would be the formation of a new species. 
Here then I had at last got a theory by which to work, but I was so 
anxious to avoid prejudice that I determined not for some time to write 
even the briefest sketch of it. In June, 1842, I first allowwl m>T*!lf the 
satisfaction of writing a very brief abstract of my theory in p<'ncil, in 
thirty-five pages, and this was enlarged during the summer of 1844 into 
one of 230 pages." (Quoted from Darwin's Autobiography, in Life and 
Letters.) During the twenty years and more in which Darwin was 
collecting data he had opportunity to test this theory, which has since 
been called the theory of Natural Selection. 
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All this time Darwin had published nothing of his discoveries. He 
wanted to l)e very sure of liis ground. He had confided his ideas to only 
a few friends, among tiicni the botanist Joseph Hooker and the geologist 
Sir Charles Lyell. It is doubtful whether he would have pubhshed as 
eftriy as he did but for a ciuioua ooineidenoe. In 1858, Alfred Rusael 
WaUaoe, an able young naturalist then in the orient, sent to Darwin a 
sketch of a theory of which he desired Darwin's opinion. To the latter's 
surprise, this theory {Hvved to be no other than the theory of natural 
selection, or survival of the fittest; and as Wallace afterwards rehited, 
he had first got the idea from readUig the work of Malthus, "Essay on 
Population. " At first Darwin was inclined to withhold his own manu- 
script, and allow that of Wallace to ])e pubhshed. But since Wallace's 
idea was adniittedly a sudden one, in favor of which he had collected no 
facts whatever, whereas Darwin had long been gathering data relative 
to it, Darwin's friends protested. It was finally arranged to present 
extracts from both Darwin's and Wallace's manuscripts simultaneously 
to the Linnsean Sorioty of London, whirh was done in 1858. History 
has adjiid^od practically the entire credit for the theory of natural selec- 
tion to I ):irwin; but it is to the immortal honor of both of it^ autliors 
that nc iihi I allowed a dispute regarding priority to mar the launching 
of tiif'H rfiuch-making hypothesis. 

Darwin's theory was developed at length in "The Origin of Species," 
published in 1859. At intervals after that date he pubhshed books on 
specific phases of the evolution problem. New hypotiiesas were from 
time to time advanced, which were intended to supplement the theory of 
natural seleotioik, such as sexual selection, pangenesis, and others. Of 
Darwin's writings subsequent to 1859, his "Animals and Plants under 
Domestication *' is at once the most readable and most important. Prae^ 
tically all of these books are so written as to be intelligible to persons 
without biological training. To this circumstance, more than to any 
other, perhaps, is due the rapid acceptance of the evolution doctrine. 
It is true, the time was ripe for such an advance; and then there was Hux- 
ley (Fig. 235), who championed Darwin's views in popular lectures. But 
it is doubtful whether evolution would have occupied the attention of the 
laity, had it not hevn for the non-technical presentation of it which Dar- 
win himself gave in his books. 

Evolution was not accepted without opi:H\sition. The churchmen 
were reluctant to regard the story of the creation in any other than a 
strictly Uteral way. In the main, however, thoy watched theprogresi? 
of the new doctrine with good nature, and at present the leading clergy 
of most churches are as firmly convinced of evolution as arc the biologists. 
Occasionally even now there is a cry that evolution is being abandoned 
by scientific men, but the arguments in support of such a statement are 
usually found to confuse the faci of evolution with the caiuie or imlhod of 
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evolution. When some leading biologist attacks the theory of natural 
selection, as has been done time and again, some one may proclaim that 
the doctrine of evolution has been relegated to history. Nothing is 
farther from the truth. It is only the theories that would account for 
evolution, or theories that concern the course which evolution has taken, 
that are still the subject of controversy. 

The history of the evolution idea in the last forty or fifty years has 
\ieen the accumulation of new facts in sup^wrt of it, the development of 
theories to account for it, the grouping of animals on the basis of the 
relationship implied in evolution, and the appUcation of corollaries of 
evolution to other branches of biology. Since a discussion of these later 




Fio. 235.— Thomas Henry Huxley, 1825-1895. 



developments often involves the subject matter of the other branches, any 
further references to the history of the doctrine of evolution that seems 
desirable will be made in connection with the evidence of evolution and 
the theories of its causes in the following pages. 

Evidence of Evolution. — Before proceeding to the implication? of evo- 
lution, it will l>e profitable to review the evidence on which lx*lief in the 
changeability of species is based. The best evidence of any process is to 
witness it going on. If species can be shown to chang:; wliile undor ob- 
servation, the best pos.siblc evidence of evolution has IxMm obtained. 
Whenever one or more meml)crs of a species pos.sess a characteristic not 
found in other members of the species in the same generation, or in pre- 
ceding generations, evolution has occurred, provided the new featun* is of 
such a nature as to lx» inherited. The heritability of the new feature is 
insisted upon, as other%vi.se the change would be temporary. There are 
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nunuTous dilten'nccs arnonc orKJiiiisnis belonging to the same line of 
descent; but in huge part these differences are dne the environment 
and in the nuiin are probably not inherited. Such iion-luintuble dif- 
ference's are known Jlucluuting variations, and luivt- no influence upon 
evolution, Occaisionall^', however, new characters appear whicli are 
inherited. These are called mutatiom, early knowledge of which was 
largely due to Hugo de Vriee, and eveiy mutation ib a step in evolution. 

Witnessing evolution thus consists in discov^ing mutations as they 
occur. This has been done in a considerable number of instances. One of 
the most fruitful sources of mutations has been the small fruitfiy Drosoph- 
Ua extensively studied by T. H. Morgan and others. Owing to the 
ease with which this fly is reared in confinement, upon fermented bananas, 
it has been used much for experiments. At first its value as a means of 
studying evolution was not fully appreciated. It was bred in the labora- 
tories of several universities for the purpose of testing the effectiveness 
of selection and thr iiiHuence of the environment, and for experiments 
upon fertility, length of life, and the like. Then mutations In^gan to 
appear. It is possible that mutations had been appearing at intervals 
previously, but if so they did not attract attention. At any rate, mu- 
tations so striicing that they eovild not be overlooked oreurred. One 
was a change from thr normal nnl eye of the wild fly to a wliite eye. 
Since the flies were examined with u microscope, it is not likely that any 
sucli striking alterations escafjed observation. The one Wy with whit« 
eyes wa.s probably the first that had been produced since the sUm k of 
flies in which it apiJearcd had l>een taken into the laboratory. Moreover, 
wlien tills white-eyed lly wna bred with others, tlie absence of red jiig- 
ment in the eye was definitely inherited as a recessive trait. Mentlelian 
rules were clearly followed, and the ca.se of white eye in flies might have 
been used as a simple example of heredity in the chapter on Genetics, 
instead of albinism in guinea-pigs, were it not for the fact that the posses- 
sion of white eyes is sex-linked. White eye in I>rosophila, then, is 
a new characteristic which is inherited. It is therefore a mutation and 
a step in evolution. There are now many white-eyed fruit flies — in 
captivity. Perhaps, had the first white-e3red fly occurred in nature, it 
would have perished. Nevertheless, its occurrence would have been a 
case of evolution. The effect of the death of individuals in which muta- 
tions have occurred is discussed later. 

Other changes have occurred in the same speeies of Droeophila (see 
fig. 236). Eye colors other than w hite, to a few of which thenames eoein, 
vermilion, cherry, buff, and tinged have been given, have appeared. New 
shapt*^ and sizes of wings have occurred. In one the wings were consid- 
er?d)ly shortened, though they w(Te still functional; in another, the wings 
were p:reat ly reduced and of abnornnil shape, .so as to be useless for tlight ; 
instill another the wings were inflated like a balloon; in a fourth, wings 
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were practically wanting. The body color, normaUy a browniah gray, has 
changed to ydlow and black. Additional briatleson the body and bristles 
forked at the end, are other new features. Besides these, there are a 
number of physiological changes not detectible by morphological means, 
but easily demonstrated by breeding experiments. More than t wo hun- 
dred mutations of all kinds have l)een detected. Ail these new features 
are inherited. All of them therefore exemplify the proooss of evolution. 
Some of these mutations closely parallel (changes that have evidently 
occurred in wild flies, showing natural evolution to be like that which oc- 
curs in (•;ij)tivit y; and some of the modifications (in bristle cbara(;ters. for 
example) concern features used in the classification of flies in nature. 
Furthermore, new characters arising in nature have not always been 




Fio. 236. — Mutations in tli« fniitfly JhtmrhUa «n«ion<vaaf«r. A, normal wins; B, 

Ix'adod wing; C. notrli wiriK; vcstiKial wing; E, miniature winu; c\\\h wiiiE- C!. nidimcnt- 
ury wing; H, tnincate wing; I. noriual reti eye; J, bar eye; A', eyeless; L, white eye. {C from 
Muroan; D and L originat; the rtat from MorgtMt Sturtevant, MuUer itad Brtdgee, eowiety 
of Henry HaU and Co.) 



advantageous. The question whether the individuals possessing the new 
characters would have survived if they had occurred wild instead of in a 
laboratory is of no importance in this conne<'tion. Survival would he of 
importance in deciding what kind of animals would \>e left after evolu- 
tion had been taking place for a time. Survival must be taken into account 
in explaining the species alive on the earth today, for without doubt mil- 
lions of evolutionary changes have taken place without leaving a trace 
either in living animab or in the fossils of past animals. But a change 
which is temporary, merely because the only individuals which possess 
it perish, is not for that reason without the pale of evolution. All that 
is required is that the new character be one which will be, in case of its 
survival, transmitted to its progeny. 
Other organisms furnish equally good examples of mutations. The 
evening primrose, Oenothera, is everj- year producing new forms. Seeds 
of plants that have been self-fertilize{l, and whos<^ ancestors have been 
self -fertilised for generations, and which should therefore be genetically 
nearly pure, give rise to plants strikingly unlike their parents in certain 



Digitized by Google 



346 



PRINCrPLES OF ANIMAL BTOLOaV 



features. These alterations affect the size of the flowers; the shape, size 
and arrangement of the buds; the size and distribution of the seed capsules 
(Fig. 237); the siz^ and habit of growth of the whole plant (Fig. 238); 
the shape of the leaves; the color of the stems; the form of the leaf-rosettes 
of young plants (Fig. 239) ; and .so on. These new characters have been 
regarded as mutations, for they are inherited. It is true, they are not 




Fio. 237. — Mutation in CEnothera involvinn the lenRth of the seed capnulc. The two 
8lH?riinena at. the loft are (Etuithrra Hcynoldnit mutation debilia, a forni which gives ri»o by 
mutation to the form repreHcnted hy the two fiRures at the right, (Enothcra Reynoldtii 
mutation hilonoa. (Photo by Projeasor 11. II. BarlUtt.) 



inherited in quite the way that Mendel's law would lead one to expect. 
Oenothera is a peculiar organism in this regard. Inheritance in the even- 
ing primrose is governed by a nimilxir of special conditions, which make 
it an imsatisfactory organism for a first study of heredity; nevertheless 
the new traits mentioned al>ove are inherited. The new characters arc 
therefort> commonly regarded as mutations, although some biologists 
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conceive the evening primrose to be a very complex heterozj-'gote, and 
the new forms annually arising to be the results of recombination 

in the fj, Fs Fm F„ generations. At least one 

of the mutations of Oenothera is known not to be the result of recom- 
bination, for the mechanism of mutation has been discovered. The 
form known as Oefwlhera gigas owes its origin to the doubling of 
the number of chromosomes, and cannot therefore be attributed to 
recombination of the traits of a hybrid parent. 

Mutations are likewise known in other plants, in mice, and in guinea- 
pigs. These organisms are sixjcifically named as having given rise to mu- 
tations, because they have been extensively bred under critical observation. 




Fio. 23S. — Mutation in CEnothera involving habit of RTowth. At the left. (Enoihera 
pratincola, from which ha\e arisen by mutation (Eriolhcra pratincnla mutation latifoha 
(middle) and (Enothera praclincola mutation formoaa (right). {Pholo hy Pro/rssor II. H. 
Bartlctt.) 



Other animals anil plants, found in nature with unusual characters, 
are believed to have mutated, but it is only in cases where the ancestry 
is known for a number of generations that one can be reasonably 
certain that a new character is a nuitation. The occurrence of well 
authenticated mutations in a few organisms, and in considerable num- 
bers, renders the assumption of mutations in doubtful cases at least 
probable. 

What Evolution Explains. — While direct observation of a process 
when it is occurring is the best possible evidence of that process, any 
facts which such a process will explain constitute contributory evidence. 



V 
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Many facts of biology are easily explained as due to evolution, but are 
almost inexplicable on any other assumption. These facts come from 
various fields of which comparative anatomy is one of the richest. 

CoMPARATrvT;} i\j;ATOMY. — Thus, thc similarity of structure in dif- 
ferent animals, as revealed by the study of comparative anatomy, is 
precisely what would be expected if evolution occurred, })ut would be 
without meaning in thc absence of evolution. The discovery of similar 




Fio. 239. — Mutation in CEnothcra involvinK the rosettes, or yfrnng planlH. Below 
(H and 9) CEnothcra prahncoln; almvc {'-i and 4) Ch^nnthrra pratincnla mutation uummulario, 
a mutant of the preceding form. {Pholo by Pro/caaor //. i/. Bartlctt.) 



bones in the limbs of practically all vertebrates, though with modifications 
in each, can hartll}' mean anything else than that these animals have dc- 
sc<«nd('(i from common ancestors. The similarity of the labjTinth of 
the inner ear in various vertebrate animals (Fig. 240) is (explicable on the 
same hypothesis. That is why homology is regarded as a certain sign 
of relationship. The differences found in homologous structures are 
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the results of evolutbn. The likenesses in homologous struotuies are 
the features not yet ohanged in diverse directions by evolution. In gen- 
eral very similar animals must be closely reUted; that is, their common 
ancestry dates from a comparatively recent time, so that there has been 
time for but a small amount of divergence by evolution. Very dissimilar 
animals which, however, have fundamental likenesses, must have di- 
verged for a long time, that is, theur common ancestors were very ancient. 



Fio. 2t(>. — Monihranou8 labyrinths of inner ear of various vertebrates. Enrh ronsiwts 
of a saccular portion from which three Moniicircular canals arise. The«e .structures are 
hnnioloKous with one another, indicating relationship of the forniH po8>io->inK tbeill> A, of 
a fiab; B,oIa frog; C, of m rapUle; />» ctf » bird. iModified from Betinm.) 



Ck>ifPARATiVB EuBSTOLOQT. — In similar manner, likenesses between 
the embryos of different animals are pUusibly explained as due to common 
anoestiy. Even in animals in which the adults are quite different, the 
embryos are sometimes similar. This is more often ime in the case of 
parasitic animals, since adult parasites are frequently very degenerate. 
An excellent example of a case in which comparative embryolog>' reveals 
common descent which the anatomy of tlio adult would not showisapan^ 
site, Saceulina, found attached to the under .side of the abdomen of com~ 
mon crabs (Fig. 241). Saeoulina, in the adult stage, is a roundcil pulpy 
mass with practically no definite structure, except a host of root-like 
processes which extend throughout the crab's body and absorb the body 
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fluids. The embryo, however, is a three-comered little animal with 
jointed legs which clearly marks Saeculina aa one of the Crustacea. It is, 
in fact, one of the barnacles, a group in which adult structure is usually 
quite complicated (Fig. 242). Its ancestors, if we may assume evolution 
to explain this case, were as highly developed iis were other barnack?s, 
but by a process of retrograde evolution it has become the degenerate 
mass of pulp that it is today. Comparative embryology' also reveals, 
not only the fact of evolution, but the course of evolution in some cases. 




Fto. 241. — Saeculitiii, ptiriMitie on crabs. A, youriR Samiliim, nhnrtly aft(>r hntchiuKt 
showing that its early development is like that of the C'irripedia (barnacles, etc.). Bt 
younK unimal shown attached to itA host, the crab. The projection at the anterior end haa 
penetrntc<l the rhitinou.s ventral wall of the nbdomcn of the crah. only a small piece of the 
chitin being shown. Most of the early structure of the parasite is already lost. The mass 
of cells here shown mbsequently passes throush the tubular passage in front into the crab's 
IkkIv. C, adult Saeculina (a), ronsistin^ of ri f'llpy mass on the under side of the fnih's 
aMomen, and a host of branchinR prore.saes in the host's Ixjdy. Thesjc processes aljsorb 
nutriment from the body fluids of the host. Practically all of the structure oharaoteristio 
of the barnacles is lost. Magnification is not tlie same in the three figures. {AwidB 

after Dilate) 

A case in point is the development of gill bars in the embryos of all ver- 
tebrate animals, wherea.s in only a few of the groups do adults have gills. 
Gill bars in tlie embryos not only rev(>al common ancestry, and hence a 
8ubs<;qucnt evolution, but also indicate that the conunon ancestors were 
fish-like animals-^fish-Uke at least to the extent of having gills. 

CJoicPARATiVB Phtbiolooy. — Similarities in physiologioal features 
are to be explained as a result of common descent, but known cases of 
this kind are less numerous than cases of morphological likeness, probably 
owing to the difficulty of discovering them. Animals whose blood com- 
positions are very similar, as shown by the results of blood transfusions, 
are assumed to be closely related. At any rate, similar blood would 
be a result of common ancestry, and whatever differences now exist are 
the result of evolution. Fortunately, in general, animals shown by Uood 
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tests to be closely related are also known by morphological aunilarities 

to have had recent common ancestry. 

Extinct Animals. — The general relations of fossil animals to each 
other and to the geological formations are explained by evolution. The 
fact that, as one passes up through the stratified rocks, the animal re- 
mains gradually change, is precisely wliat evolution would require. The 
occurrence of fossils similar to living animals, but differing from them in 
some features, is no longer puzzling if evolu- 
tion be a.ssuiiied. Thus, as was pointed out in 
the preceding chapter, the early mastodons had 
long protruding faces, while the modern animals 
most resembling them, the elephants, have the 
front of the skull much flattened. Fortunately 
for the explanation of this difference, the laier 
fossil mastodons had much sh<»ier skulls than 
did the earlier ones. If the later forms evolved 
from the earlier ones, and if the shortening were 
continued down to the present time, there is no 
difficulty in accounting for the evddent similarity 
<tf themastodons and elephants in most respects. 
The differences in the teeth and lower jaw and 
proboscis and height of skull are explained in 
the same way. The mastodons and elephants 
are so much alike in general, that one is practi- 
cally forced to regard them as members of the 
same line of descent. But if they are thus 
related, the form of the skull and the shape and 
numl)cr of the U^eth and other features have 
been altered. The occurrence of horse-like 
animals in successive geological periods presents 
precisely the same problem. If the fossils of 
these animals be arranged in chronological 
order, there is so little difference between any 
one animal and those which immediately 
precede and follow it, that it is difficult to 
avoid the assumption that they were related to 
one another as ancestor and descendant. But if this be done, we must 
assume evolution. 

Geographical Distribution. — Many phenomena of distribution 
which would be meaningless without the doctrine of evolution are entirely 
natural if modification occurred during descent. Along with the evolu- 
tion of animals, it is often neces.sary to assume an evolution of the earth's 
surface, if the facts of animal distribution are to be made intelligible. 
Thus, the marsupials (pouched animals, including the opoesum and kan- 




Fia. 242.— Adult froe-liv- 
infl barnacle of the genus 
L«|M8, with half of its flhell 
removed. The jointed ap- 
pendages and some other 
foalurcs make it an arthro- 
pod. Its larva resembles 
tliatoT flMenlina. Fik. 241. A. 
Comjinro tli0 complex jidult 
of Lepas witii the degenerate 
•dult of (he pwuitio 8m- 
euUna, Flo. Ml, C. 
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garoo) are known to have existed since Mesosoic time. There are reasons 
for supposing that, at that time, Australia was connected with the Ameri- 




can continent by a land bridge across the antarctic region, or mdirectly 
through the other continents (Fig. 243), or by both of these means. As 
a result, marsupials are found in both Australia and the Americas. But 
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the marsupials of Australia and tTiOvSC of America arc vory tlifFerent. 
If these fundameutal Ukenesses, which make them all marsupials, indi- 




cate a common ancestry, their differences require an e\j)laiint ion. invo- 
lution ofTors that explanation. The un^;ulates (hoofed animals) do not 
appear as fossils until after Mesozoic time, and until after Australia was 

23 
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flepamted from the other continents (Fig. 244). No upgulateB are native 
to Auetralla. If ungulates came into existence in any other way than 

by evolution from a common stock, there is no apparent reason why th«y 
should not have arisen in Australia. But if evolution be assumed as the 
only method of originating new forms, it is not difficult to understand 
why Australia never received representatives ol this particular group. 
The ancestors lived elsewhere, and the migration of the descendants to 
Australia wju? barred by the sinking of the land. 

The facts stated in the foregoing paragraphs, gathered from the 
provinces of compiirative 'inatoinv, embryology and phj'siology, from 
paleontology and distribuuon, receive a very simi)le and plausible ex- 
planation if evolution is Rssunied. These facts are only a few among a 
host that wouid have served eiiualiy well. Although these facts have not 
been specifically designated as evidence of evolution, they constitute 
such evidence. Facts which may be satisfactorily explained by a theory, 
and are not readily explained in any other way, are evidence in favor of 
that theory. To distinguish such evidence from that which comes from 
direct observation, it may be termed evidence by inference. The time 
was when inferential evidence was the chief, if not the only, kind advanced 
to support evolutbn. Tlie doctrine of evolution was &mly established 
by evidence from paleontology, comparative anatomy, comparative 
embryology, and so on; for, at the time of the rise of the evolution theory, 
new characters had seldom been obsmred to arise among carefully 
pedigreed ftni«"*^^« Pedigrees were not common in the experiments of 
sdentific men, and those kept by practical breeders were not always 
accurate in detail. Very few new characteristics had ever been observed 
at the time of their origin under circumstances which forbade their 
being attributed to hybridization or to the environment, imtil after the 
evolution theory had l)een generally accepted by biologists. The 
evidence which, as stated above, seems to us the Wst evidence, namely, 
the observation of mutations at the time of their oiifc^in, was not dis- 
covered in quantity until near the end of the last century, and since that 
time. 

CAUSES OF svoLunon 

While no thinking person now denies the fact of evolution, there is 
still much disagreement regarding the causes or mcthoil of the process. 
There are not wanting facts which bear on the question, but it is probable 
that a good many more facts are undiscovered or even undisooverable. 
The question as to the causes of evolution must therefore be answered, 
if answered at all, in a rather speculative fashion. Before entering 
upon such speculation, it is essential to be perfectly clear as to what the 
problem is. .As was pointed out early in the chapter, evolution occurs 
whenever a new eharaeter arises which is eapaUe of being inherited. 
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H it is clearly realized that, in discovering the oaiues of evolution, it is 
only the origin of mutations that is being considered, the discussion will 
]>c simplified. It mattera not, in this connection, what kind of mutation 
arises, nor whether the one or several animalB which possess the new 
character survive or perish. These are questions which are discussed 
below under the caption "Course of Evolution." Just now the thing 
requiring explnnfttion is the origin of heritable changes. 

Internal Factors: Mutations. — It hns been indicated elsewhere that 
the char:i( t( irs of an animal are determined by sometliing in the chromo- 
somes of the germ cells from which the animal develops. Although 
individual charact<?rs may be mipressed upon an organism by the environ- 
ment, such features are rarely if ever, in the liigher animals, handed on 
to the offspring. An evolutionary change must therefore preBumai)ly 
begin with a change in the chromosomes of the germ cells- What kind 
of change this must Ix? i.s uncertain, for it i.s not clear what kinds of 
substances in tiie chromosomes are responsible for the development of 
hereditary traits. If the proteins determine development and heredity, 
a mutation may well result from a rearrangement of tlie atoms in the 
molecules. Proteins are y&y complex substances, their molecules being 
oomposed of hundreds or even thousands of atoms. No doubt, as in 
simpler organic compounds, these molecules have a definite configura- 
tion; that isy the proteins possess structure even when the chemist can- 
not discover it. In such complex bodies, by sli^^t modifications, new 
molecules could be produced in which exactly the same atoms were 
present, but in different arrangement. Two or more substances whose 
molecules have the same number of atoms of each of the same elements, 
but differently arranged, are known as isomers. Isomers are known in 
many organic compounds, and they invariably differ from one another 
In some physical or chemical property. A substance may often be 
easily converted into one of its isomers, as for example, by tiie application 
of heat. If the proteins of the chromosomes should suffer any rearrange- 
ment of their parts, and their chemical properties be thereby altered, 
any hereditary traits determined b}' the modified proteins could hardlj' 
esca[)e being differt nt. Moreover, if the rearranged molecules were fairly 
stable, they would remain in the changed condition in succeeding genera- 
tions, and the trait which they produced would be inlK iitcd. The 
altered condition would therefore be a mutation, a step in evolution. 
What sort of change in the adult would follow a given change in the 
proteins in the chrouiosomes could not be predicted. A shift of a few 
atoms to a new position, in the germ cells, might change the color of the 
eye or the shape of a l>une. It is extremely unlikely that a molecular 
change of the kind hypothecated would not produce aii\ alteration what- 
ever in the adult. In view of the uncertainty regarding the nature 
of the material basis of heredity, further speculation of this kind would 
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be unprofitablo. If these paragraphs have shown what the problem of 
the cause of evohition is, and what sort of solution of it is to be expected, 
they have served tlioir piirpose. 

Changes in the Environment. — Although environment is nf)t g;rnor- 
ally accepted without rescTvations by leading hiolopists nn important 
cause of evolution, yet from its historical interest uiul hnm the hehef 
still lu^ld by many biologists, it sliould be mentioned. Animals are oft^^'n 
so obviously fitted for the euviromnent m which they hve, tliat observers 
are apt to conclude that in some way the environment worked them over 
until they were fit. Though it is not improbable that adaptation to 
environment is due to the migration of animals to that environment to 
which they are best fitted, provided they have had time to reach it and 
there is nothing in the way, environment as a cause of evolution cannot 
tlius Ikj swept aside without consideration. There are, as stated above, 
many biologists who firmly believe in the environment as an agent in 
bringing about evolution. That was Lamarck's view a century ago, and 
the same view is widely held today. As pointed out in the first chapter, 
some paleontologists, many medical men, and most of the laity are 
adherents, even now, of the Lamarckian theory. In support of their 
position may be cited the work of a few biologists who belkve they have 
been able, in eicperiments, to produce by artificial means, such as dianges 
of the medium, temperature, nutrition, or moisture, modifications which 
were subsequently inherited. In so far as these experiments have dealt 
with bacteria and other simple organisms, or the germ cells have been 
dtrec^f/ affected by the environment, the conclusions are in part apparently 
justified; but when they involved lugher animals, and when the germ 
oells were not directly influenced, the experiments have never satisfied 
the m^ority of experimental biologists. Nevertheless it would be unfair 
to disregard these experiments. There is no a priori ground for supposing 
that environment could not effect evolution, and it may be that some 
day evidence so conclusive will be brought forth that everyone will 
admit its validity. However, that evidence, if it is evr secured, may 
easily prove unsatisfactory to those [x-rsons who most dilipentlv seek it. 
For the strong appeal to the imau;inat ion made bv the theory of environ- 
mental agency in evolution hcs in the i)ossibiiity that adaptation to 
cnvironnuint may thereby he explained. It is well known that changes 
in the environiuent cause alterations in the bodies of animals and plant,s, 
and that s(jme of these modifications are advantageous to the organisms. 
But in no case has it been established that one of these adaptive altera- 
tions has been transmitted to the descemlants. Indeed, it is doubtful 
whether there exists in organisms any mechanism by which a purely 
somatic change could produce an effect on the germ-plasm sudi that the 
same somatic character would appear in the next generation. However, 
the question whether the environment can produce permanent adaptwe 
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changes must he kept distinct froTii the qno.'jtion whether the onviron- 
nicnt may rausr evolution. The latter question mvolves a smaller burden 
of proof than docs [\\v former. 

Nothing here stated alwtit tiie possible effect of envirnninont , how- 
ever, is in any way contradictor} to the preceding paragraph al>out muta- 
tions and the cliruiiinsonio.s. For even if environment d(K's produce 
heritable clianges in organisms it is practically certain that the first 
effect wrought l)y the environment is a change in the chromatin, or 
whatever determines development and heredity. One coiiki subscribe 
to the view that changes in the chromatin are the sole cause of mutations, 
and still go back one step farther and admit that the envimnment caused 
the alterations in the chromatin. Those who hold that environment has 
nothing to do with evolution regard the modifications of the cliromatin 
as arising "spontaneously " from unknown causes within the animal. 

COUR8B OP BVOLUTION 

Just as there has be^ confusion in the minds of writers and observers 
between the fact of evolution and the cause of evolutiiw so has there been 
confusion between the cause of evolution and its course. It is important 
that these two matters be kept entirely distinct. One may discuss the 
direction in which species have become modified, without knowing or 
even caring why they became altered. Even by some biologists, those 
factors which guide; evolution have been s{)oken of as if they started evo- 
lution. It ia not inconceivable that the satnc anency both starts and 
directs evolution, l)ut it neenl not do so. A projectile is thrown from a gun 
by the force of the explosion; but gravity determines the curve it dc- 
cribes after leaving the muzzle. The engine and the steering-wheel of a 
motor-car are two different things. 

The Course of Evolution Demonstrated or Surmised.— Diacussion of 
the course of evolution may involve one or both of two distinct questions. 
One is, what course hiis evolution taken? The otlier, what directed 
evolution in that course? The former question can be answered in part 
with considerable accuracy. So long as limited groups of animals are 
considered, it is often possible to determine relationships with a fair 
degree of certainty. There can be little doubt, for example, that the 
horse has descended from a five-toed ancestor of small sise. The fossils 
show at least so much. They even show the order in which all toes except 
the third were reduced. Foeedl cephalopoda indicate that these animals 
changed from straight forms with straight septa to coiled forms, still with 
fairly straight septa; and that then the septa became bent and finally 
crinkled — in certain lines of descent. The shortening of the elephant's 
skull, the elongation and subsequent contraction of the lower jaw, and 
the reduction in the number of the teeth, are likewise beyond doubt. 
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Paleontology furnishes pcrluips the \w.st cvideiicf of tlie course of evolu- 
tion when the stories ui diacuvorcd fossils is fairly complete. But evidence 
JUS gomi tm thai concerning the horses and elephants is not common. To 
trace the lines of descent of animals whose ancestors are not abundantly 
represented among known fossils, reliance is placed on comparative 
anatomy, comparative embryology, and geographical distribution. In 
erecting a family tree upan tibe baidb of faota funuBhed by tbeae fldences 
there is, however, much uncertainty* It is not difficult, in most cases, 
to decide what animab have descended from a common ancestor. When 
two species of garter snake differ on]y or principally in the niunber of 
rows of scales, they may safely be rsgaided as having been produced 
from the same stock. But was the ancestral species like the one modem 
species, or like the other? Or was it different from both? In answering 
such questions the zodlogist applies certain rules which seem to him to 
express probabilities. These rules may depend upon the amount of 
vwiability in the character which distinguishes the present species, or the 
present distribution of these and other similar species. But any con- 
clusion based on such rules is subject to risk, and the merits of each case 
ha ve to be decided separately. In tracing the descent of the larger groups, 
still greater uncertainty exists. As pointed out above, the vertebrates 
have plainly' oomc from a gill-bearing animal. But what are the steps 
by which the present condition, especially in those classes in which gills 
no longer occur (reptiles, birds, mammals), has \)opn fiftfiinod? Hero 
opinion differs, and there has been much controversy over questions 
concerning the mutual relationshifi'^ and intermediate stages of descent 
of these groups. When the biologist grows still bolder, and attempts 
to go back of the ancestors of the phylum, tracing the course of evolution 
Ls practically without foundation. It h.'us been held probable, for ex- 
ample, that the annehtls and arthrojKKis have descended from common 
ancestors, partly because the members of both these phyla are segmented. 
But of the steps in the divergence of the two groups, if they realh are 
related, there is almost no evidence whatever. Trac-ing such supposed 
pedigrees vvaii fashionable among zoologists during the latter third of 
the nineteenth century, until it was realized how speculative is the 
process. 

Factors Dfracting the Couiie of Bvolution.~Ideaa regarding the 
agencies that guide evolution are as old as ideas of evolution itself. 
Speculation ss to the reasons for the development of lines of descent is 
really older than the attempt to build family trees. Evolution was early 
thought of as a process of becoming perfect, whatever that mi^t mean; 
and before this idea became concrete, and took the form of specific lines 
of descent, there was conjecture as to what led animals toward the goal 
of perfection. 
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BaflfQfimoiit: Vwt and Dlsnse^The eariy vievB of the guiding fao- 
toFB involved almost exduaively the environnie&t and the effects of use 
uid disuse. Both of these were embodied in Lamarck's theoiy of evo- 
lution. In some manner the enyironment was believed to be able to 
direct the changes, from generation to generation, in certain channels. 
Lamarck qieakB of the "needs'' of the animal, or even of its "desire," 
becoming so great that the body responded by modifications in the re- 
quired direction. Such a conception now seems to us, of course, the 
light^t of fancies. In similar manner the effects of use and disuse were 
believed by Lamarclc to be inherited, and so to bring alwut mo<lifications 
of the sfK^cies. The stretching of the giraffe's neck nftcr branches of 
trees, and the excassiv^' use of the kangaroo's legs for junij)ing, he thought, 
caus(Kl an over-development which wa«^ transmitted to their offspring. 
Aithoui^h tlie increase in length of these organs was presumably small in 
any one individual, the accuimilated increments amounted in time, 
Lamarck believed, to an enormous change. These views have been 
lai'gely al>uiiiioned by the pure biologistw, who realize that a blacksmith's 
children, if they arc stronger than other children, ure so because their 
father was inherently strong, and not because his occupation made him 
stronger. The strength of the blacksmith, which was his by inheritance, 
not trade, enabled him both to beget strong children and to follow a voca- 
tion requiring brawn. However, as stated in the first chapter, there are 
those, biologists among them, who still adhere to the Lamaickian view 
of the effects of use. 

Natural Selectioii: Sexual Sd«ctloiL— Darwin rejected, in the main, 
the Lamarckian principles, and proposed in their stead several forms of 
selection. The best known and the most gmrally applicable of his 
theories is that of Natural Selection which, indeed, is often called by the 
name Darwinism. Animals, he said, naturally varied among themselves. 
If the variation of certain individuals was such as to give (hem a better 
chance in the strucsle for existe nce, those individuals would survive in 
larger numbers than their less fortunate fellows, or would hve longer and 
produce more offspring. Darwin assumed that, on the whole, the varia- 
tions which }iel})ed these individuals woukl l)e transnutted to their progeny. 
In the next generation, he thought, the selection in favor of this variation 
would be repeated. In time, by this natural selection, a new race would 
}>e estal)lished. To explain such useless features as the gorgeous plumage 
of some kinds of male birds, features that t uuld not help in the ordinary 
struggle for existence, Darwin postulated sexual selection. The more 
brilhant males, he thought, were more successful in courtship, and so 
left more progeny. Assuming variations in coloration to be inherited, a 
race having highly colored males would thus be evolved. In the hands 
of Darwin's followers and admirers the idea of selection was developed to 
an extraordinary degree. The most insignificant features were held to 
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be an aid in the struggle for existence. One gained the idea, from follow* 
ing the arguments of these (enthusiasts, that animals possessed no traits 
that were ntnitral or harmful, but that cverj' structure and everj' habit 
was :i<!apt<>d to some use, and that the present exisUuiec nf those 
Btru(;tures and habits was due to their iisefulneas. It is now known, 
however, that such useless or detrimental characters nrv not uncommon. 
Through no fault of Darwin's then, but because of tht- zeal of his apostles, 
the th(M)ry of natural selection came mto a degree of neglect. Although 
careful breeding exi)eriment8 indicate the effectiveness of artificial selec- 
tion, there is no marked inchnation among leading liiologists to attribute 
to selection in nature, thiuugh the struggle for existence, anything but a 
minor and negative r61e in evolution. Any modification that is very 
harmful would, of course, probably cause the death of its possessor. 
But characters that are neither useful nor harmful as well as those shghtly 
harmful and those that are beneficial, might well be preserved. If the 
destruction of individuals in which very harmful new traits have appeared 
is all that natural selection accomplishes, it plays a much less important 
part in directing the course of evolution than Darwin (to say nothing of 
his more zealous and less discriminating followers) supposed. 

Direction cf MutatioiL — Such negative action by natural selection 
could not, however, have been responsible for the course of evolution 
in the development of modem animals from their early ancestors. The 
direction of this great i)ositive development, with little help or hin^ 
drance from natural selection, must have been due to something else. 
That other agency is beheved to he in the native internal capacity 
of protoplasm for undergoing change, or producing mutations, which was 
discussed among the causes of evolution but which must be alludtnl to 
here also as a factor determining the direction of evolution. Sinc<^ muta- 
tions, as point I'd out in the previous discussion, are probably the result of 
chemical r)»;inges of the chromatifi, it will be s(hmi that altliontih a large 
number of such changes may be possible, there is a limit iK^th to the 
UTunber and to the kind of changes that nmy occur, and that tiie diree- 
tiofi of evolution nnist \h'. one or more of the directions of these possible 
eli.uiges. The knul of chemical change that occurs in a proU:in, for 
example, is strictly limited by the structunr of its molecule. The kind of 
mutation that occurs, and hence the direction of evolution, is in turn 
dependent upon the kind of chemical change that is possible in the chro- 
matin of the germ cells. The direction of evolution is therefore detei^ 
mined by the nature of the chromatin. 

Orfhogenesis* — ^What direction the changes in the chromatin, and 
hence the changes in the adult, wUI take cannot be foretold. It is 
possible that the molecular changes of the chromatin take place in a 
purdy random manner. On the contrary, the shifting of the atoms in 
a particular manner at one t ime may make a further change of the same 
kind at a kter time more probable. If the latter supposition is correct, 
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and there arc successive clianges in the same direction in the chromatin 
of the germ ceUs, and if thcne changes produce, in the tuitdt, modifications 
which iwe succossively in 1.1 le same direction, evolution proceeds as if 
aimed at :i (Icfinitc ^oal. Cases in which successive steps in evolution 

app^r to \\\\v(' hocn taken in the same direction are known. Such 
apparentlj- directed evolution has been given the name orUiogcneHs; 
or, literally, development in a straight line. In ortho^jcncsis theguidance 
of the evolution is held to come from within tlic organism, not from the 
environment. A ctise often cited in illustration is the development of the 
horse from a five-toed ancestor, through four-toed and three-toed ances- 
tors, to the modern condition. Some paleontologists regard thi.s partieu- 
lar case of straight-line development in the horse as being directed by 
tlu^ environment; but the view that it wajs internally guided is quite as 
tenable. 

Orthogenesis is not to \ye assumed, however, in every case in which 
there is a graded scries of forms. It must be known that these forms 
followed one another in proper order, from one extreme of the series to 
the other. A modem example will show how one might be mistaken in 
assuming orthogenesis where random mutation had really taken place. 
In the fruitfiy, a large number of eye colors have originated in recent 
years. They range from a deep red to white, with the differences be- 
tween some of the colors very slight. Some of the intermediate colors 
have been named cherry, pink, vermilion, eosm, buff, and tinged. If 
these colors Ixi arranged in a graded series with red (the normal eye color 
of the wild Hy) at one end and white at the other, they might be supposed 
to repi-esent the successive steps in orthogenetic evolution, with white 
the final stage- This was not Uie order in which they arose, however, as 
wliite was one of the first to appear. Orthogenesis nnist not be accepted 
as demonstrated in a specific ca.se, tlierefore, until the order of appear- 
ance of tlie variotis modifications is known, and until it is established 
thiit each niemljer of the series wats actually the ancestor of that which 
follows it. The ca«e of toes in the hors^e lacks something of proof, as 
a case of orthogenesis, when judged by these criteria. The fossils show 
that, in general, the three-toe<l horses succeeded the five- and four-toed 
hors(is ;uul w{!re succeeded by the one-toed hui"se. It ( an mils l>e inferred, 
liowuver, tiiuL the three-toed horse descended from tlic fuur-toed, and 
gave ri.se to the one- toed. If this inference is correct, as it almost cer- 
tainly is, there is only one other requirement. If the order in which the 
changes occurred was due to factors within the animals, and was not 
impressed by the environment, the gradual reduction of the toes of the 
horse from five to one is a genuine case of orthogenesis. Regarding the 
causation of these modifications opinions differ. Many biologists are of 
the opinion that they aroee from internal agencies, independently of the 
environment. 
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Orthogenesis, if there is such a phenomenon, must not be regarded 
as an abstruse perfecting principle of any kind, but uj^ being deixmdent 
on the chemical composition of the protoplasm. It is therefore to be 
expected that orthogenesis may occur in some animals, not in others. 

Evolution by Hybridization. Although new characters probably 
arise regularly in higher animals only by mutation, it is obvious that a 
form of evolution may take place by combination, in one organism, of 
features that have previously existed independently in different organisms. 
They are brought together in one individual by hybridisation, produdng 
comhiQations that did not erist before; for example, rough coat in guinea- 




Fio. 245. — Combe in fowls. A, pea comb; B, rose comb; C, single oomb; D, walnut 
comb. The walnut oomb is a compound character, that is, it la produced by the coopera- 
tion of \\\c fartoni for pea comb and nwe eonb. (Prom PwmM*» Mtndditm Ceurtmy of 
MaemiUan Co.) 

pigs may be combined with any of the coat colon. The combination 
IB not always so simple as this, however, even where only two characters 
are involved. The bringing together in one animal of genes for two 

characters not previously combined sometimes produce a new char- 
acter unlike either of those combined. Fowls with pea combs (small 
combs with a number of low prominences, Fig. 245), breed true to their 
form of coinb. Rose comb (a low but thick comb with a roughened 
upper surface and a long tapering projection behind) is another true- 
breeding character. When a fowl homozygous for pea comb is mated 
with one homozygous for rose comb, the result is not a fowl having both 
pea and rose combs, but a new comb called walnut. This is a thick, 
fleshy, rounded comb overliantrin^ the base of the beak. Other in- 
herited features, requiring for (heir production the presence of half 
a dozen or more genes for simple characters, are known. The results 
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of reeombination through croflfiing cannot, therefore, always be foretold. 
The powibilities of evolution through hybridization are thus greatly 
increased, and its range enormously widened. In view of these facts, 

it is not sur{)ri.siMg that some biologists have regarded the new characters 
frequently arising in the fruitfly and the evening primrose as the result 
ci recombinations of genes, and not as mutations at all. But, as pointed 
out before, even if this view shouKl l>e correct, it would merely push back 
to an earlier time the production of the characters whose genes are sup- 
posed to be now shifting from one combination to another. For the 
various factors producing oyc color in fiics rnn hardly have existed in 
their pro'^fnit form from an indefinitely early time, even l)efore flies 
had come into existence in the evolution of animals. Thev n)ii«t hnva 
originated sometime in order to be recombined now, if this recombination 
is all that is happening. Their origin was probably the sort of chemical 
change which we call mutation. 

Artificial Evolution. — The possihility of evolution tiirough hybridiza- 
tion has been seiz(>d upon l)y man for his own advantage. The breeding 
of animals has occupied his attention in a commercial way for centuries 
and has resultetl in striking impruvemcnts. But for a further statement 
r^arding animal breeding the reader is referred to the chapter on Genetics. 
The attempt to bring about evolution by the artificial production of 
mutations has been attended with doubtful sucoess. A few biologists, 
as pointed out above, believe they have altered the hereditary traits 
of animals by changing such features of the environment as temperature, 
'nutrition and humidity; but their results have seldom been entirely 
satisfactory. The majority of biologists, on contemplation of their 
experiments, have usually been impeUed to bring in the Scotch verdict 
of "not proven." 
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Pronuncintions arc indirntrd in this clfwwarv an far ajs |Mw.sihlc! without tho aid of 
diacritical marks, but the luUowing Hyuibuls have been nocetiisury : 
K the GemuLn ch; 
K = the FVeneh naaal n; 

ft « the French u, pronounced by shaping the lipti for miunding long oo and the 
tongue for long 

AUegenesis {oH/ i ojen' e m). The doctrine that living things originate from non- 
livin^ matter; same as spontaneouB generation. In its erudo early form the 

f!n iriiH' has been abandonctl. 
Aboral {ab o' nil). Opposite tho nunith. 

Absorption iah surp' slmn i. The iiuliihiuj^ of a li(jui(l hy osiiiKlic or eapillary Hcti<m. 

Acanthocephala (a knn' tho mj' a la). A group of paranitic worm-like nnimais 
luually included witii the NemathdminliieB. For definition see Chapter XII. 

Acetabulum («' e UJb* u fum). The aooket on either side of the pelvic girdle for the 
head of the femur. 

Achromatic figure ijak' ro mat* ik). That part of the division figure in mitotuv which 
docs not HtMin (li <'])1y, naiiu ]y, the spindle including centroapKeres and aaten, but 
excluding the chromo.snnu'H. 

Acris {ak' rU). A genus of frogs. 

Aetlnliia (oJb Un' tl on). A sea anemone. 

Acttnomorphea (oA/ tin o mm^S***)- A group of animala in Blainville's early dassifica^ 
tlon; animals with radiating parts, such na tlie starfish. 

Actinophrys {ak' ii nqf'ris). A |!;cnu8 of rhiaopod Protozoa, of the order Heliozoa. 

Actinosphserium {okf H no ri urn), A genua of rhisopod Protozoa, of the order 

Hi'liuzua. 

Adaptation iml' n p ia' shun). l'ilaL>tja fur the environment. In a concrcic scuiic, an 
adaptive strut-turt', habit, or function. 

Adductor (ad duk' Ur). One of the large muaclea attached to the valves of a mussel 
shell, or the corresponding muscle of a glochidium; also, one of numerous muscles 
in other animals which draw a structure toward the median axis. 

Adipose (ad' i po»e). Pertaining to fat. 

Adrenal (ad re' rial). One of two or more ducUesa glands in close relation with the 

kitlneys in most vertebrates. 
Aeolosoma (< ' u /<> so' ma). A geniifj of worms, phybim A iiiii'lida, miIk-I;is.s ( )lif;orhjela. 
Agamdes (tty' a m' dtez). A genus of extinct cephalopoda with bent BUtures of the 

gooiatite fonn. 

Agitf (oA' gar). A nutrient material used in bacterial cultures, etc. 
Agnssis, Jean Lo«iis Rodol^e {ah* gah mc', Eng. a/ a «ee). Swiss-American natural- 
ist, 1807-1873. 

Albinism [al' hi niz'm). The absence of the usual pigments in skin, hair, and eyes; 
said of individuals having white skin and hair and pink iria in species usually 

colored. 
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Aibumen {alhu* tnen). A. protein substance having certain properties, euch u 

solubility in water, pr<*ci}>itability in strong acids, etc. 

Alimentary [nV i men' ta ri). Pertaining to digetitioa or to the digestive tract. 
Alternation of generations. S<»o metagenesis. 

Altricial {<il Irish' al). H:ii( hcd in a w( .ik, helpless condition; said of certain birds. 
Alveolar <nl ve' olcr). Of the nanirc of un emulsion. 

Alveolar gland (/;/ vc' <> Icr). A gland in which the lumen is inflated at oert.iin jxiiiil--^. 

Alveolus {(il ve' o Iwi) {pl.f alveoli). One of the separate droplets of an emulsion, as 
in protoplasm. Also one ol the minute air spaees in a lung. 

Ambulacxal (am' bukt*kndi. Resembling an alley; applied to the grooves beneath 
the aims of a starfish, in which the tube-feet are located. 

Ambystom* (am Mc' to ma). A genus of salamanders. A. tigrimun (H ifti^ num)^ 

the common tiger salamander. 

Amino-acid (am' i no as' iff^ . One of ii niimher of orgnnic acids contnininn the XHi 
radical and having certain chemical properties. These acids enlcr into the com* 
position of all proteins and arc produced by the splitting of proteins. 

Amino radical (am' i rut). The radical NHs found in amino acids. 

Amftolia (a' mi to' «t<). Cell division not involvi ng the ftnmation of ohramosomes or a 
spindle. 

Ammooito (am'mofitCe). An extinct cephalopod haying a coiled shell and com- 
plicated foliaceous sutures; so-called from the genus Ammonites. 

Amoeba (a ■frr'l>r7\ A p<'iui.s of one-celled animals, a [>ri>t()Z(inn of th<' class TJhizop- 
odR. A. diplomitotica (jdip' lo mitot' i ka); A. proteus u«); A. verrucosa 

(vtr' ru ko' m). 

Amceboid (a nie' boid). liescmbUng Amwba; as, am cuboid movement. 

Amphiaster {am' fi n»' Ur). The figure produced by two asters and tho connecting 
spindle in a dividing cdl. 

Ampliibia {am fib' ia). A class of Vertebrata embracing the frogs, toads, salamanders, 

and some others. For definition see (Chapter XII. 

Amphicoelous (am' Ji ne* liu)» Having both ends of the centrum concave; said of 

v('rt<'l)r:r. 

Amphineura {am' ft nn' rn). A clas.«* of Mollusca, the memhcr.'^ of which are biiatcr- 

ally symmetrical, have a shell of eight pieces or no shell at all, and many pairs of 

gills. Chiton is an example. 
Amphioxos (an' fi ok^ tie). A primitive fidi>like animal belonging to the subphylum 

Cephalochorda of the Chotdata. 
Aapltxits (am jdeks' us). The clasping of a female by the; male before or while the 

eggs are fer(ili/( (l outride of the b(Kly, or while the spermatosoa are being de- 

po>jit«d to be later secured by the female. 
Amylolitic (am' i io iW tk). Carboliydrale-splitting. 

Amylopsin (am' i lop' sin). A starrh-<lige,sting enzyme prtKluced by the pancreas. 
Anabolism ian ab' o liz'm). The aggregate uf uouslrucLive processes comprised 

in metabolism. 
Analogous (an ol' o gw). Similar in function. 

Anaphase {an' a faze). Any stage of cell division during the passage of the chromo- 
somes from the middle to the ends of the spindle. 
Anatomy (an at' o mi). The science which treats of the structure iA animals and 
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plants. It. mnn- ('(inunonly deak with the giXMtier features, but the finest details of 
structure arc not excluded. 

AnazimAnder (an ak»' i man der). A Greek physical philosopher and mathematician, 
jMipil of Tbalca, who lived about 611-M7 B. C. 

Aiifuis (an/ ^vrit), A geaiu d lei^eat Uiards. 

Aniinal pole (on'i mol jwlt'). That part of an egg in which the ptotoplaam is oobh 
oentrated (in with much yolk), and which in moat animals produces the 
nervou.H system, sense organSi etc. Other features may also characterise the 

animal pole. 

Anisogamy {an' i i^og* a mi). Fusion of uiiliktf ganiotos in reprcxhu'tion. 

Annelida [an nel' % da). The phylum of animals comprising the segmented worma. 
For «<»ft«i*ifttt see Chapter XII. 

Anodonta (on' o don* ia). A genua of freahwater musaels. 

Anodontoides (an' o don <lees). A genus of freshwater mussds. 

AntMuia (an ten' no) (jif., antMuus). One of a pair off jointed appendages piojeei- 

ing forward from the head of an insect or oustaoeaa. 
Anthoc^stis (an' iho flit' Its). A genus of rhizopod Protozoa» of the order Helioaoa. 
Anthophysa {an' iho fi' za). A genu8 of colonial flagellate Protosoa whose cells are 

borne in radiating masiics on a branching stalk. 

Anthothrips nlger (an' Iholhriim ni' jer). A 8pecii» of insect of the order Thysan- 

opteru, coinnionly called thrips. 

Anthozoa (an' tho lo' a). A class of Cuulcnterata, comprising the sea anemones and 
most of the corals. They have no medusotd form in the life eyde. 

Anthropoid (on' Iftto poid). Man>lifce; said of certain apes. 
AaliflMre (an' H mecr). One of a series of parts^ nulially arranged like the spolcea ol 
a wheeL 

Ant-lion (an^ li' on). An insoct whonr- larva lives in a conical pit dug in the sand, 

ofiptnring other insects that fall into the pit. 
Anus {a'nue). The posterior opening of the digci<live tract. 

Apoda {ap' odd). An order of Amphibia comprisirifr the legless form 8 called cujciliana. 
Appendicular skeleton {ap'pen dik' u Itr). The bones of the limbs and their attaching 

girdles in vertebrates. 
Arachnids (a rak* ni da). A class off Arkhropoda comprising the spiders, scorpions 

and mites. For definition see Chapter XII. 
ArdiMoptefyx (or* ke op' ler ifea). An extinct animal of Jurassic time resembling both 

reptiles and birds, having teeth and feathers. 

ArchsDOzoic {nr' ke o zo' ik). Of the earliest geological period; the oldest known 

system of rocks is of this period 

Archenteron inrk en' tcr on). The cavity within the endodcrm of a gastrula. It 

communicates with the exterior. 

Archiannelida {ar' H an net' i da). A class of primitive marine worms (Annelida) 
without setsBk 

Afistotte (w^ii M'O. The most famous of the Gredc naturalist philosophsn, who 
Uved 384-322 B.a 

Armadillo (aK ma dW lo). An armored mammal of the order Edentata, which 

includes a]m the sloth.s and ant-eater?. 

Artery (ar' teri). A blood vessel conducting blood from the heart. 
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Aftfuopodft {or tkrop* o da). A phylum of aaimab, inelvdiiig the inteets, enutaoea, 

fleiilipeil«n» etc. For deflattioii Me C3ka|rter XIL 
Atdoibite (dr Mfc' tt ibte). To join; «eid of bones. 

ArtttcUl pittbMMgeaesis {ar* H fish' d. par' the nojen' e dm). The ftrtificial etimula- 

tion of an egg to develop without fertilization. 
Aitiomorphes {ar' li o mor' frez). A group ^^^ aniranls in Blainvilltt's early claesifiear 

tion; it comprineH the anuuab whofeu bodie-s arc bilaterally Hymmetrical. 
Ascaiis (cm' Aw mj. A genus of round-worms (Ncmathclminthes) parasitic in 

wiouB animKle. A. megalocephala (m«g' a lo »ef a In), panuitio in the intestine 

of the horse* 

Asddian {its sid* i an). Any one of a number of d^enerate Chordata, memben el 

the subphylum Tunicata, orde r .Vacidiacea. 

Asexual (n .>»fAx' 1/ nl). Not involving germ ccUh nor fusion of nuclei ; said of lepnv 

durticn, ur of an individual employing mirh a mode- of rrpnxlviotion. 

Assimilatioa {tut si fn' i la' shun). The conversion of digested IcMida and other raw 
materials into prutoplasmic substances. 

Aster (as' far). The star-like figure composed of a eentrosome and the radiating lines 
about it; or ih» centroeome mi^ be ladcing. 

Astorddea i<u^ le rai' de a), A class of Eohinodermata compiuing the starfishes. 

For definition see Chapter XII. 

Astral rays (a»* iral raee^). The radiating lines surrounding a eentrosome in a dividing 

cell. 

Asymmetrical (n .fim tnct' ri kal). Not capable of being divided by a line or plane 

into liaivi'.'^ w hich art- inirrorc^ images of each other. 

Asymmetry (a sim* m« tn). Absence of any kind of symmetry. 

Attraction-ephere (of traJf sAun t^eer). A differentiated portion of the cytoplasm of 
a cell, usually lying near the nucleus, and typically containing a central body 
called Uie centroeome. The whole etructura is associated with the process of cell 

division. 

Atichenia (aw he' ni n). The genus to \rliich the llama and vicuna hrlonfr. 

Auditory {aw' di to n). Pertaining to hearing; applied to the nerve of bearing and the 

H<»nsory part of the inner ear 

Auricle {aw' ri k'l). The anterior chamber uf the heart in fishes, and one uf the two 

anterior chambeis in higher vertebrates. 
Autonomic aerroos qrstem (aw' to nanC ik). Same as sympatiwtic nervous system. 
Aves (a' sees). A class of vertebrate animals comprising the birds. 
Avlcularla {avikf uW rid). Individuals of a Bugula colony, each shaped like a 

bird's head. 

Axial skeleton {ak^ i al). The skull, vertebral column, ribs, sternum, and hyoid 

appamtiiHi of Vfrtehrntef4. 

Aiolotl iahs' o lol l). The iarvul form of the tiger salamander ilm6j/8toma (ii^num 
•v\ inch reproduces while in the larval stuLu. 

Axon (aks' one). A projection from a nerve cell which ordinarily conducts impuiites 
away from the body of the cell. 

Back cross ^hal^ kros'). A cros-s l)ct\s i-un an Fi nidividual and uue of its parent tyi)43S. 
Bascanion {has ka' ni onj. A genus of snakes, iiu ludni<z; the black snake or blue racer. 
Belon, Pierre (be Ion'). French naturalist and traveler, 1517-1564. 
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Berengario {ber' en gckh' ri o). Italian anatomist and aiUTScon in University of 

Bologna, in the sixteenth century, 
ncooceve (U* kan ImmwO* Havii^s the centtuin hollow both in front end behind ; said 

of veitebnB. 

Bidder's canal {bid' derz ka nal'). A lormlt iulinal tube near the median border of the 
kidney of certain Amphibia; into it the collecting tubules open. 

Bilateral symmetry (hi lot' ir a! sim' me (ri). An •irr^mgenient of the pnrts of nn 
object or annual body such that the halvca on oppo^iite sides of a certain plane are 
mirrored images of each other. 

Bile ibUe). The flttid secreted by the liver in vertebrates. 

Bile dttct (fnk^ duftC). The tube through which bile is discharged into the mteetine. 

Binomisl (fn mi ol). Consisting of two names or terms. Applied to the system 
of nomenclature by which each qMMaee is given two nameSi one for the genuSy the 

other for the species. 

Biogenetic law (&t' oje nef ik Inu^). The doctrine that animals in their embryonic 

development repeat thr (•v<jhi(ionary history of the race. 
Biology ol' o ji). The .scicnc-c of life and ol living things, whether plants or aaijauls. 
Bionomics (bi' o nom' iks). The study ot the relation of organisms to the environment. 

Biota (hi o to), The animals and plantfi of a given area or of a given period of time 
(See favaa and floca, both of wliich are comprised under the term biota.) 

BlainviUe, Henri Marie Ducmtaj de ibloN eeeT). French naturalist, 1777-1890. 

Blastocflrie (Mw' fo aeeQ. The hollow interior of a blastula. 

Blastpphaga (Nkis fqf' o pe). A genus of wasp-like insects of the order Hymenoptera, 
obtain species of which dwell in figs. 

Blastopore {Jblas' to pore). Thv opening through which the arehenteron of an early 

rmbr>'<) (pastrtila) i-oinniunicatcs with the exterior. 

Bla^tostyle ihln.'i' lo stilt }. Tlu- i-entral ci'llular core of a gonanfriuui. 

Biastula {bios' tu la). An early developmental stage, consisting of a hoUow ball uf 

cells. 

Bolina hydatina (bo na At' dot i no). A species of ctcnophore. 
Bookgm(boo^Vn. See book hing. 

Book Ittng (bookf /un/). A respiratory organ composed of flat sheets joined together 
like pages of a book, found in spiden. 

Bolryllus (bo trU* lu»). A colonial marine animal belonging to the subphylum Tuni- 
cata. It lives attached to leaves or other flat surfaces. 

Bougainvillea ramosa (boo' gati vH' le a ra tno' aa). A species of marine hydroid. 

Bowman's capsule (ho' mnn: J ap' eule)* The expanded end of a kidney tubule, in 

which a glonieruluM iocuted. 

Brachiopoda (brak' i op' o da). A group of mannc animals of unccrtam ntriK or 
relationship. They have a bivalve shell, the two halves of which are unequal. 
Sometimes piaeed In a phylum srith the Bryoioa and Phorcmidea. 

Braet ihmkl). One of the covering (protective?) members of a siphonophore colony. 

Brandt (braneh). Any one of four major groups of animals in Cuvicr^s eariy classifi- 
cation. 

Bronchus (brong'km) (pL, broachi). One of the two main branches of the traohea 

in many vertebrates. 

BfOWBC ibrcmz) , To eat the twigs of buslies or trees. 
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Biyozoa {hri' o zo' n). A protip of niariiK' and freshwater animals of uncertain rank 

and rc'.ationshipH, raoetly colonial, benrinK tentacles, and commonly known aa 
mutj^ animals. Sometimes placed in a p>iylum with the Phoronidca and lirachi' 
opoda. 

Baecal cavltjr. {Jndif Jb*!). See faucaU pondi. 

Buccal poadi (Jbulf Vti» Hie moat aaterior divisbn of the digeetive tract of aa 
earthwom. Also tiie mouth cavity of other animals. 

Budding {bu<f ding) . The division of an oiganisin into unequal parts. 

Buff on, Comte de (M/onO. French natuialisti 1707-1788. 

Bufo {bu' Jo). A genus of toads. 

Bugula (6u' Qu la). A nns of Bn'ozoa. 

Buprestis (tm pres' tU). A genus of beetles. 

Byssus (tiV ?rt/.s). A thfpad attached near the adductor muscle of a gloohidtum; 
or a bunch of threads attached to the foot of certain dama. 

Cabecua {hah^f a). A genus of Biyosoa. 

Calcarea (^vi; ha' re a). A class of sponges (Pbrifero) whose skdetons are composed 

of spicules of calcium cjirbonate. 

Calorific {kal' o rij* ik). Heat-producing. 
Cambarus (kam* ba rtu). A genus of cmy fiahes. 
CambHan {kam* hri an). Of the earliest Paleozoic tame. 
Camelldse (ka mef i dee). The family of camels. 
Camelus (ka mc' lus). Thr genus of camels. 
Cainponotus {kam' jio rw' tus). A genusiof nntM, 

Canaliculus (fc«n' a /tP m /v.s). Ono of numerous minute t liannels rudiatinn froin 
each iacuna in the matrix uf bone, in which slender pruce«seb uf the boue cciL> uru 
located. 

Canedlate {krn^ td laU), Composed of a number of cbamben separated by parti- 
tions; said of spongy bon& 
CaniDe (iisot' nine). A tooth located laterally to the inctsots. 

Capillary {kap' il la ri). One of numerous small vessels convcNing blood thiougfa 

the tissues from arteries to veins or from one vein to another. 

Carapace (kai' a pase). The hard bony covering of a turtle; also the chitinous 

or ealcareous covering of the cephalothoi ax of a crayfish or lobster. 

Carbohydrate {kar' bo hi' diaic). Any one of a clHssi of organic substances, embracing 
the starches, sugan* celiuloee, etc., which are composed of carbon, hydrogen and 
oxygen, with the number of atoms <rf hydrogen and oxygen regularly in the ratio of 

2 to 1. 

Carboniferous (knr' bo nif rr uk). The geoloRical .i^e tx) which the principal Icnown 

coal beds helouK; late Paleozoic, succeedinj^ the Devonian. 

Carboxy) radical {kar boka' U). Tlie radical C(X)li found in organic acids. 
Carchesium (/mit ke^ zi um). A genus uf colonial ciliated Protozoa, resembling. 
Vortieella. 

Cardiac (Jbor' Jt ak). Pertaining to or near the heart. 

Carottochelydide(jborai' tofts 1^1' dee). A fanuly off turtles. 

Cicoivon (ftor' ni mm). Technically, a mammal <tf the order Oaniivora, ineludiog 
the eat^dofit and seals. In a popular sense, any flesh-eating animal. 
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CaiflivorcMis (jfeor nv/ o nw). Tleah-estuig. 

Cirotin (kar^ o tin). One of two yellow subutances sui^ociated with chlorophylL 
Caipfll (isoK pal). One of a number of bones in the wrist in vertebrate^;. 
Carpo-metacarpus (kar^ po met a knr' A romponnd bone in the wing of bird, 

formed by the union of several of tht iMftitfiirpuLs ;ind carpiila. 
CartUage (k(ir^ ti Inj). A flexibli', soinewliat truuhluceut tii«4Ue composed of eel Ls 
imbedded iu a matrix, found on the ends of bones at joints and in other 
oitoatiooA. 

CSavt (kati). A maM cH rock fanned within a cavity, ae the cavity of a ahdl or of a 
mold formerly occupied by uk animal. 

Catabolism (ka Udf o Unfrn). The aggregate of deetructive proeeaees comprised in 

metabolism. 

Catalysis ; ka taV i ms) . A reaction pioduoed by means of a oataiyser. 
Catalyst {kat' a list). See catalyxer. 
Catalytic agent {kaV a lit' ik). See catalyzer. 

Catalyzer (kat a li' zer). A Hubstance which brings about a reaction but is not 
ounsumed in that reaction. It probably participates in the reaction, but is 
promptly reformed. 

Candal (Jbou^ dol). Belonging to the tail. 

Candata ikawda^taf. An order <rf Amphibia oomprising forma with tails (8a]a> 

manders, newts). 
Cecidomyia (sc sid' o mi* ya). A genus of flies. 
Cecidomyiidae (se nit o mi^ yi dee) A family of flies. 
Cell (ael). A mass of protoplasm containing a nucleus or nudear material. 
Cell doctrine (set' do^:* trin). See cell theory. 

Cell inclusions {aef in klu' zhnm). Non-living objects enclosed in cells. 

Cell membrane {neV mrm' hrnne). A tliin sheet either of difTercntiated protoplasm, or 

of some .substance produced by protopla^sm, Jiurroundin^ u cell. 

Cell theory (aei' tht^ on). The theor>' that all animals and plants are composed of 
shnilar units of rtnioture called cells. The theory is now so well established aa to 
be more propoly called the cell doctrine, and other featurea concerning phyndogy, 

development, etc., may be included in it. 
Cellulose 'sd' >t lose]. Thesuhstanet .oneof the carbohydrates, of which the cell walls 

of plants are commonly conipo-sed. 

Cell wall idcl' umwl'). A non-living' .strurture secreted by a cell around itself. It is 
commonly composed of celluloiic or chitin. 

Cement {ae menl'). A binding material in the composition of teeth. 

Cenotoic (m' no wif ifc). Fortaining to the most recent geological time prior to the 
Fbychosoic. 

Cential aenroot ayatsm (sea' Cral nsK m«s ^is' (em). The bram and spinal cord. 

Centrclacifhal (mh' troWi thai). Having the yoUc in the central portion; said of 

eggs. 

Centrosome (m-k' tm sonu ). A minute bo<ly often present in a cell, usually nc.nr the 
nucleus in an attraction-sphere, related m ^mc way to the proceiiS of cell division. 
Centrosphere Ucn' Ito sfeer). .Sana- as attraction-sphere. 

Centrum {sen' trnm). The mnsisivc portion ol a. vertebra ventral to the neural canal 
in which the spinal cord r^ts. 
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Ceplulochorda {aef a lo lor' da). A subphylum of CbordfttAy oomprUng the spedee 

of Arnphioxus. For dofinition seo Chapter XIT. 

Cephaiopod {sef a lo pod). One uf the group Ccplialopoda, to which the cuttle- 

fialiLH, q lids, and nautili belong. 

Cephalopoda {aef a lop' o da). A clatia of MoUuHca, euaiphbing the oetopi, Hquida, 
cuttlefiflheB and OMttili, aaimats in which the foot is developed into a head-like 
■truetme with ^ea and a circle of ama. 

Ce^utlothorax a lo tha^ rtUu). A fiiaed head and thorax, found in crayfishea and 

their allirs. 

Ceratite (.tcr' a tite). An extinrt rrphalopod having a coiled cheil and croolced 

fiuture-s; nanio<l from the fjeuus Ct'ratit4«. 

Ceratites {ser' a ti' teez), A genus of extinct cephalopoda with crooked sutures; the 
common name ceratite ia derived from this genua. 

Cerearia («er ka' ri a). The tailed larval form of the liver fluke Faaciola (and aimilar 

foima) whieh la produced by a redia and wliich devdopc into the adult flake. 
Carebellum iaer' e hrV I urn). A division of the brain of vertebrates developed on the 

dorsal aide anterior to the medulla. 
Cerebnim r fir'!ir>:]. Thi' anterior division of flie hrnin in vortol)rate.«i. In man 

it forms the greater part of the brain, but is smaller in other vertebrates. 
Cervical (ser' ri kal). Pertaining to the neck. 

Cestoda {sm lo' da). A class of Platyhelminthes, comprising the tapeworms. For 

definition see Chapter XII. 
CtUBtogiiter {ke' to gas' ter). A genua of worma, phylum Annelida, aubdjaaa (Migo- 

clueta.- 

Cluetognadia (ke lo^f na tha). A group of marine animala of uncertain Idnditp, 

repH»ented chiefly by the arrow-worm Sagitta. 

Chsetopoda (ke top' o da). A c lass of worms (Annelida) provided with sette, to wliioh 

the earthworm and sand-worm belong. 

Chara {ka'ra). A genus of aquatic plants. 
Cheloniidae {keV o ni' i dee). A family of turtles. 
Chclydridffl {kc lid' ri dec). A iiuiiily of turtles. 

Chemotropism {hem ot' ro piz'm). The response of an organism to chemical aub- 
ataneea. 

Chitin (ftj* tin), A homy aubstance forming the outside skeleton of insects and many 
other animal parte. 

Chiton (ibf'ton). A genus of primitive moUuaks, having a shell of several pieces. 

Chlamydomonas (klam' i dom^ o nns). A genua of unicellular flagellate chlorophyll 

h«'nriiig organisms. 

Chloragogen cells {klo' rago'jen). The ceils of the outer layer of the intestine of the 

earthworm. 

Ciiiurophyll (klo' rofil). The green substance in chloroplasts through whose agency 

photosynthesia occurs. 
CUonqpUat (iU/ ro plaal), A green plastid. 

Choleeleiin (ko /es' trr in). A substance of fat-like texture common in bile, the chief 
rnnHtitiient of gall stones, and found also in blood, nerve tissue, egg yoUc, etc. It 

i-' often cUiJssed with the Upoids. 

Choline {ko' lin). A hydroxide common in plant tissues and in many animal cells, as 
egg yolk and nerve tissue, iu various combinations. 



Digitized by Google 



372 



PRINCIPLES OF ANIMAL BIOLOGY 



ChordaU {korda'ta). A pliyhnn of anitaals including the vertebrates and a fetr 
others. For UeUiittiua «c'c Chuptcr Xll. 

Chorophilus (hri rof i lus). A gciuis of frogs. 

Chromatic figure {kro nuW ik). Thnt part of a mitutic figure which stains deeply, 
namely, the chromoeomes, as diiitinguiMhed from the spindle. 

Chromatin (Arc/ matin). The deeply staining substance of the nucleus of u cell, 
attached to or imfafldded in the linin networic 

dwomoiikere (Jbro' mo meer). One of the email aggregatione of chromatin and 
other subetanoee oolleetivdy forming a chromoeome. 

Chromoplast {kro* mo plaxt). One of several kinds of eolored etnicturea or organs 
found in many plant and somn iininml cells. 

Chromosome (km' mn stomr). One of (hr ro<|-likf or rounded bodies into which the 

chrumatiti of u luick'U.s i.s resolved ;>t the tiiue of cell-division. 
Chrysemys {kri.s' < «m). A of turtles. 

Chyme (kime). The fluid < outainiug partly digested food found in the stomach. 
Cicindela in decf la). A genus of tiger-beetles. 

Ciliaxy (.fi/' 1 a ri). Pertaining to cilia. 

Ciliata t a' ta). A subclass of the Infusoria (Protosoa), in which both young and 
adult atagee are provided with cilia. 

Ciliate(nr{aCe)orcllInted. Ftovidedwitheilia. 

Cfllnm (ait i «im). A minute hait^like motile etraeture ooourring on the surface of 
certain cells. 

Circular canal (/tei^ kuler kanat), A channel passing around a medusa near its 

Cixculation {ter' ku la* shun). The movement of the blood through a s^nstem of 

ve.s.sels. 

Circumpharyngeal connectives {90^ kum/a rin' je al). Ner\'e cords in the earthworm 
connecting the brain with the ventral nerve ci»d; so called because they pass 
around the anterior end of the pharynx. 

Cims (approximately eeer^tM) (pf., dnl). A soft tentacle-like projection. Also, 

a copulatory organ in some animals. 

Class {klas). A subdivision of a phylum; a group of higher rank than the order. 

Clavicle fklav' i h'l). The collar hone in man. One of the bones of the ventral part 

of the j)eel()ral girdle in vertebrates in general. 

Cleavage {kkev* aj). Tlie division or segmentation of an egg. 

CUtellum {kli tel' lum), A thickened glandular baud encirchng the body of an earth- 
wonn. 

Cloaca (HeIo o' Jba). A oomnon pessage-way through which the intestine, kidneys, and 
sexual organs discharge their products in some fishes, in amphibia, reptiles and 

hirds, and in a few mammals. 

Coccidae {kok' si dee). A family of scale insects. 

Coccidium schubergi {kok wt i urn 9ht^ berg i), A species of parasitic protozodn, 

one of the Sporozoa. 

Cocoon (ko koon'). A caae in which eggs arc stored and in which frequently the 
Iarv9 are developed; also a silky covering around the pupa. 

Codosiga {ko' do 9i' ga), A genus of flagdlate Piotosoa having a collar around 
the flai^um. 
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Ctdenterata (se len' ter a' ta). The phylum to which Hydra, the hydroidS) jeUyfiabeB, 

and siphonophorcs belong. Fur definition see Chapter XII. 
Ccslenteron (»c !(n' ter nn). A oavity in forms like Hydra whicli liavo only one hn<]y 

cavity. It sen'es the digestive and circulutury fuuctious and id therefore also 

called the gastro vasoulv cavity. 

Coriom iiee'hme). The true body cavity, a cavity within the mesoderm on the 
walla of which the principal reproduotive oigans an located. 

CcBHOHfc (te* no Mrft). The cellular living part of a hydroid, a» diatinguiahed from 

the perisarc. 

Collared epithelium (hoi' lerd). Epithelium each of whose cells bears a collar. 
Collecting tubule {kol lekt' ing fn'huh'). ()rH> of n number of tubes leading acroM 

thf kidney of the frog from Bidder's (tan:il to the ureter. 

Colloid {koV loid). A mi.xture in which porticici) greater in liizc tlian molecules are 
held in suspension in a liquid. 

Colloidal (fcol dtd). Contained in a liquid in aggregations greater than molecules. 
Colony (Aol' o m). A group of Individuals of the same species cMganioally oonneeted 
with each oth«r. 

CotnhridA (ko luf bri dee) A family of snakes. 

ddttbfiius (koP u bri' nee). A subfamily of the family Cdubrid» (snakes). 
Colnmnar epithelium (ko lum' ner). Epithelium in which the cells have one dimen- 
sioTf li fi?t(tlv uriMfer than the othcFB, that dimension being vertical to the sutface 

covered by the epithelium. 

Comanchian (ko man' chi an). Pertaining to Mesozoic time prior to the Cretaceous; 
formerly called lower Cretaceous. 

CommiMuro (jkom' mi ehttre). A group of connecting nerve fibers. 

Common bile duct (horn* men hiW dukt^). The tube leading from the liver to the 

small intestine and serving to convey bile to the small intestine. 
Compoond gland {kem pounds), A branching gland. 
Condmlogy (kang kol' o ji). The aofilogy of the MoUusea. 

Conemangh (ko' ne maw). A rock formation of east^ United States, bdongtng to 

Permo-Cnrhoniferous time. 

Coniferous {ko nif er ««). Cone-bearing (as pine or cj'press trees). 

Conjugation {kon' ju ga' !^hnn). Tlie meeting of two cells for exchange of nuclear 

material or (by extcnsiun uf meaning) for complete lu.sion. 

Connective tissue {kon nek' ttv luh' u). A tissue composed of cells and certain other 
material produced by the cells, which in its simple form binds organs and other 
tissues together. In a broader sense it includes such modified tissues as cartilage, 

bone, tendon and ligaments. 

Contractile tiaaoo {hon tnk* tU tteh* u). Any tissue capable of active contraction; as 

muscle. 

Contractile vacuole {kon trak' til vak' u ole). A vacuole whose contents arc periodic- 
ally ejected to the outside of the cell in which it is contained. 

Copepod {ko' jte pod). Any one of a group of small Crustacea. 

CopuIatkHi (Jbop' u Is' sfcun). The act of Introducing spermatosoa into the body of 
the female. 

Coracoid {kor' a l.oiti). A hone of the ventral part of the pertnral fiinlle of vrrtehrate 
animalj^; n distinct I)orie in liotiy fishes, nmphil)ia. n-plilus, birds and lowest 
mammals, but fused with the scapula in tlie liigher tnaniumls. 
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Coraoft (kor' ne a). The transparent bulpinp; membrane at the front of the eye. 

Corpora adq^OM (ioK ponad'ipo' «a). Fat-bodiea, stonge places for raaenre fatty 

food. 

Cortex (*or' ieka). The layer of gray matter which covtre the corubruin and dips into 

ita foldfl. Abo, an outer layer on various other organs, 
CogUfofm (ifcos' (t/orm). Rib-ehaped. 

Cnuilal nerra (knfnial narv'). One of ten or twelve pain of nerves arising from 
the central nervous fyatem within the skull. 

Cfetaceous ta' shus). Pertaining to late Meeoioic time; so named from the 

chalk deposits characteristic of it. 

Crlnoidea (kri run' fir a). A class of Echinodermata, including the feather-stars and 

srn-lilics. For dc^finition sw Chapter XII. 

Cristatella mucedo (hns' ta td' In f/ni ne' do). A .sporios of freshwater brynzoon. 

Crocodilini {krak' o di li' n\). lin order of HeptiUa comprising the alligators and 

crocodiles and their alliea. 
Cio-MAgnoa (Jbro man' yon). A rather highly developed race of men preceding the 

princtpsl raoee ctf today. It dwelt» ea far ae known, in western Europe. 
Crop (ftrop). In the ( .'irthworm, an enlargement of the digestive tnirt behind the 

esophagus and in front of tho gizzard. In birds, an enlargement of the esophagus 

for the temporary stonine of food. 

Crustacea {hru* ta' mH* a). A class of arthropo<ls including the lobsters, crabs, water 
fleas, barnacles, etc. For definition sec Chapter XII. 

Cryptobraachus {hip' le bmng' ku»), A genua of salamanders of large sise. 

CfjitdUne leas (hit' tai Un Un^)* A rounded, transparent, r^rsctive body situated 
behind the pupil of the ^e. 

Ctenophora (/« no/' ora). A phylum of animals including the comb jellies and sea 

walnuts. For definition see Chnptor XII. 

Cubieal epithelium (ku* bi kal), £pitheUum in which the hdgbt and width of the cells 

are about equal. 

Cuticle 'ku' ti k'l). S.-xiiio as pellicle. Al.st» Haiuc ;ks epidermis. 

Cuvier, Georges {hU vyay'). French naturalist, founder of comparative anatomy, 
176»-1832. 

Cydoeie (ei kh' «it). The rotation of protoplami about the interior of a cell. 
Cfdostoittste («< jUo «(a' flM to). A class of Vertebrata having an eel-like form, a 

cartilaginous dceleton, no jaws, and no lateral fins; lampreys and hagfishes* 
CynipldM (ti nip' % dm). A family of gall-pioducing insects of the order Hymenop- 

tera. 

Vv^t i's}'.:i). Any fuvclopinfi structure, usuhUv h srcrt'tt-d nu'uitjrunc. 

Cytoblastema («»' to bits' ir mn). The name given to a supposi'd formative or nutri- 

tiTc substance in orgaiuiinis, fruiu which cells were early thought to ])e formed. 
Cytology {si tol' oji). Tho science which deals with the structure of cells. 
Cytoplasm {n' to plaz'm). The protoplasm of a cell fficduaiveof the nucleus. 

Dace {dfusv). One of sevvral smiill species of fisli. 

Darwin, Charles {dar' win '.. Cflrbmtpd Enpli^fh nntnrnlist, founder rtf the doctrine of 

natural seln-tion, ;uithor oi sexcr.'il works on e\'ohition. Lixctl l8U9-iS82. 

Darwin, Erasmus {dar' mn). English naturaiiat and poet, grandfather of Charles 
Darwin. Uved 1731-1802, 
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Danviniiai (dor' win Ic'm). Tlie theory of natural aeleetioii, propounM by Charies 
Darwin* (By the Qeitnan biologists the term is often used to mean evolution. ) 

DeaminiM (da am' i nite). To remove the amino radical (NH|) from (an amin»«eid}. 

Deciduous {de aid' u u»). FallinK oiT at maturity or at the end of a season; said 
of the h'hvcn of trees whieh fall pehodically. Applied also to trees whose leaves 

fall pfriudiciillv. 

Delamination {dv tarn' i tia' shun). Sphttjnn off; said of a layer of cpIIs. 

DemojpongieB Ulc' mo spun' ji te). A class of Porilcra (sponKes). Fur definition see 
Chapter XII. 

Dendrite {den' drite). A projection from a nerve cell which ordinarily conducts im- 

pulses toward the body of the ceU. 
Dettdfitie(dsf»(ipira). Tree-like. 

Dentine (den' <in). The doise bony substance oomposing the bulk of mammalian 

teeth. 

T)erraatemydldai {dcr' ma te mid' i dee). A family of turtles. 

Dermatozoa (tier' ma to to' a). A pmup of animals nitrrally, thn skin or touch 

nnimalsj in Oken'a early clas^^ifii-jition. It comprised the invertebmtes. 
Dero (dc'ro). A genus of worms, phylum .Vniiolida, .subclajis Oligochaita. 
Desmognathus (dez mog' na thus). Agetiu^ of salamanders. 
Devonian {de vo' ni an). Of middle Paleozoic age, next following the Silurian. 

Deilrln (deibt' frtn). Any one of several related carbohydratee derived by hydrolysis 
from starch; among them bung eiythrodextrin, aebroOdextrin and maltodextrin. 

Dextrose (defo' frose). Glucose or grape sugsr. 

Disphragm (di' o/ram). A partition; speeifieally, the partition between the thorax 

and abdomen of a mammal. 

Diastase {di' as lose). An enzyme that decomposes starch. 

Dlchcgamy {di kng' n mi). The TDaturint' of the male and fomalo germ cells of a 

hcrmaphnHlito at clitTorent times, thu8 preventing self-fertilization. 

Dichotomous {di kot' o mua). Regularly dividing into two parts; said of branching in 
certain plants, also of a system of classification in which each group is divided 
into two parts. 

Diemlctylus (di < mUb' H ht$), A genus of sslamandero. 

Dtflerentiallon {dif fer en* $hi a' Aun) . The process of becoming structurally unlike, 
or of becoming heterogeneous. Also the condition of heterogeneity resulting from 

(HfTrrrntiation. 

Difiusion (dij j u' zhun). The spreading of the molecules of one substance among 
thuisc of another. 

Digestion (dijes' chun). The conversion of food into soluble substances which may 

diffuse through protoplasm. 
Dinohfjon (dt no' bri on). A genus of colonial flagellate Protosoa in which the 

individual Is eneloeed in a sheath. 
Dinosaur {di' no tarn). One of an ordcnr of extinct reptiles of Mesosoic time, mostly 

of large size. 

Dicecious {di ee' shm). Having the male and female organs in separate individuals; 

said of spwies. 

Diploblastic [dip' lo bias' tik). Composed ui two Ia \ ers of cells. 

Diploid {dip' laid). Double; gpecificully, the double number of chromosomes found 
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in the aomatio oeUs, and in germ ocUa before maturation, in bisexual anfmalB. C/. 
haploid. 

DiplozoOn [dip' h zo' on). A trt.'in.ito(k' wnnn jianusititi uu the gills of fishes. 

Dipnoi {dip' tw i). A subclass of Pisces, fishes with an airfaladder functioning as a 

lung; tlie lungfishes. 
Dissosteira (dis' so ati' ra). A genus of grasshoppers. 

Diviaion of labor (di vi' zhun ot W 5er). Distribution of functions among cells, or 

orgaDS, or individuals. 
Domiiuiiit (dom' i fian<). Receiving expresairai when only one determining gene is 

present, and in the presence of the gene for a contrasted recessive character; said 

of inherited characters that are exhibited by heterosygotes* ' 
Donacia {do na' shi n). A ppnus of aquatic beetles. 
Dorsal {dor' sal). Pertaining to tlie hack ; hence, usually, upper. 

Dorsal aorta (dor' sol a or' ta). A large artery formed, in fiahes, by tlie union of 
vedijeU Cuming from the gills, and passing backward in the dorsal region. 

Dorsal root {dor* sal root'). The dorsal one of two roots by which a spinal nerve is 
connected with the ^inal cord. Its fibm are srasoiy in function. 

Doable refraction (dub' 'I refnUc' ahun). The separation of a beam of light into two 
rays as it passes through a refracting medium. 

Drosophila {dro so/' ila). A genus of flies, of which the fniitfiy (D. melliiognter» 

mel' a no ons' tcr) is a common species. 

Dtijardin, Felix (^/u 2/(ar doN'). French naturalist, 180l-18(K). 

Duodenum {du' n de' nnm). 'i he first of three divisions of the .small intestine. 

Dyad {di' ad). A double body formed by the division of a tetrad into two parts. It 
may consist of two halves of the same chromosome or of two halves of different 
ehromosomcs. 

Echinoderm {c ki' no derm). One of the Echinodermata. 

Echinoderxnata (c ki' no dn' ma ta). The phylum of animals includinp the starfisheSt 
8ea urchins, sea cucumbera, brittle stars, etc. For liefinition see Chapter XII. 

Echinoidea {ek' i noi' de a). A class of Echinodermata, comprising the seaurchins, 
sand-doUaiB, and heart^urehins. For definition see Chapter XII. 

Bcologj (e kci' ei»). The branch of bidogy dealing with the rdatfon ol animals or 

plants to tiieir environment. 
Bctoderm (ek' to derm). Hie outer layer of cells of a gastrula, or the representative 

of this layer in later stages. 

Sdoparasite {ek' to par' a aUe), A parasite that is attached to the outside of the body 

of it^ host. 

Ectosarc {rk' to mrk). The outer layer oJ prot^)plasm in cells in which the outer ami 
inner protoplasm differ distinctly in structure, as in Ammba. 

Edaphosenras (e da/' o tavf nw). An extinct lisard-like r^tile bttring a spiny fin 

on its back, from Permo>Carboniferous rocks of North America. 
ElaBmobranchii (e Uaf mo hraiuf Id t). A class of Vert^rata comprising the sharks, 

skates, rays, torpedoes, and chima.'ras. For definition see Chapter XII. 

Electrolyte {e lek' tro lite). A mibstanr(< which in solution is capable of conducting an 
f'!' 'trie current and ot beinn decomjKised by the current. 

Elepkas {f V efas). A genus of animals including living clcphontd and their fossil 
relatives of Pleistocene time. 
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Blodea {el' o de' a). A genus of aquatic plants. 

Embryo [vm'hrio). An undeveloped animal while still in the egg membrane or in the 

ni;it< r(ial utenis. 

Bmbryology (t //*' bn ol' uji). The wicm^c which doals with the development of the 
embryo, or young stage«, of animala orplanta. 

Bmbfyoaic (m' hri an* ic). Pertaining to an embryo. 

topadodes (an ped* o kUea). Gredc philooopher and poet, bom in Sieily. Lived 
about 4(KM90 B.C. 

Bmphical formula (em peer' i kolfor^ nm la). A formula stating merely the number 

of atoms of the various elements in a molecule of a chemical substance. 
Emulsion (e mtd* f^hvn). A mixturr of two litimMs or soTni-liqin-l suljstances, neither 
one soluble in the other, the one being in thu tonu ul bcpuruti: Urupleta suspended in 
the other. 

Enamel (en am' el). The veiy hard, polished calcareous substance forming the 
surface lay^ or Internal plates in the teeth of mammals. 

Bndoderm (rn' do derm). The inner layer cells of a gastrula, or the representative 

of this layer in later stipes. 

Bndosarc {m' do mrk). The inner mass of protoplasm in cells in which the outer and 

inner protoplasm differ in structure. 

Bnterokinase {en' ter o hi' nuse). An enzyme produced in the small intestine and 
serving to convwt tripsinogen into tr>-p8in. 

Enteropnensta {m'teropnu'ata), A subphylum of Chordata, worm-like animal^ 
of which Balanoglossiisand Cephalodiscus are representatives. 

Bntomology (en' to moV o ji). The qo^ogy of insects. 

Bntoparasite (en' to par* a «ife). A parasite that lives within tiie body off its host. 
Enzyme (en'sime). An organic substance wliich brings about a chemical reaction 
but is not ron8iimo<) by that reaction. Probably it participates in the reaction, but 

is promptly restored. 

Eocene fr' u aten). Of the earliest Cenozoic and Tertiary time. 

Eohippus {c' o hip' jrus). The curliest known ancestor of the horse, an extinct animal 
of Eocene time. 

Epidermis (eji' i der^ mis). The outer of the two principal layers of the skin. Also 
an outer layer of odls in gen^. 

Eiiis^Us (ep' i M' Us). A genus of colonial ciliated Protosoa, resembling Vorticella. 

B* flnvfeaiM (fiav' i kam)f one of the q>ecies. 

^thelial {ep' i Uul' U ai)» Pertaining to an epithelium; as^ epithelial tissues or 

Epithelium {cp' i Ute* li i«m). A layer of cells at the surface of a tissue or organ, or 
lining a cavity. 

Eqoatofial W ^ nl). In the phuie of a great curele half way between the poles; 
said of a cleavage plane of an egg. Also, in a middle position in other objects. 

Equatorial plate {e' kwn to' ri ol plate'). The flattened group of chromosomes on the 
middle of the spindle of a dividing cell. 

Equus ((^A'^/^/.O. A (;pnus of animals including the living home and some of its fossil 

rflntives of l'lio<;eae and Pleistocene liriie. 

Erepsin {> ri p' siti). A proteolytic enz\ me produeed in the .small intestine. 

Erosion {e ro' zhun). The wearing away (of rocks) through the action of wattf and 
otlier agencies. 



Digitized by GoOgle 



378 



PRINCIPLES OF ANIMAL BIOLOGY 



Erythrodextria (tr' i thro dekt* trin)» A carbohydrate obtained by bydroJyaiB of 

pt«\ reh, 

Ery throsin {e riih' ro sin). A red substance uaed as a protoplapmic 8tain. 

Esophagus {e »of' a giis). In the earthworm, a narrow passage leading from the 
pharynx to tiie crop. In vertebrates, the passage between the pharynx and tlie 
atomach. 

Ettdoriiui «(aiii (u' do W lui « Qonz). A speciea of colonial ohloiophyU'bearintE 

oiigiuusni nrhoee calls are imbedded in a qiherical jdly-Iike maaa. 
Btti^eiui (u ^ na). A genua of green flagellate Protofoa. 
Etttfyplui (u glif* a), A genus of rhizopod Protoaoa, of the order Foraminifera. 
Euplectella (u' jilek teV la). A genus of silioeous spongea. 

Boatachian tube (u sta' H on tube'), A paaaage between the phaiynx and the tym- 
panum or middle ear. 

Eutheria {u. the' ri a). A kuIicIhhs of Mammalia compriisiiiiJ: the viviparous mumtimls. 

Eutrtphoceras (u' trc Jos' ir «.s). A genu.s of extinct cepluilopods resembling Nautilus. 

Evagination (e vc^' i na' shun). The folding of a layer of cells outward from an en« 
eloaed cavity. 

Bvolittioii (e^ o lu' «Aiin). The gradual or audden change of aninuda or planta through 

aucceastve genarationa. 
Ew^Te (a aobO* 1^ change; to nndmgo evolution. 

ExcretkMi (aibt kre' aAim). The dimination of waate auhatanoea* Aa a noun, a sub- 
stance excreted. 

Exhalent (eks ha' lent). Breathing out; applied to one of the aiphona of a dam 

or mussel. 

Ezoskeleton {eka' o akd' e tun), A skeleton on the outside of the body, as in the 
arthropods. 

BxtsfBSl n&slnAon {eka tor' md ret? pi raf «ftim). The passage of oxygen from the 
aurrounding air or water to the blood. 

Bs-umlmdlft (aifcf' urn hrel' la). The convex nde of a meduaa. 

Fi (fif' toun'). An individual or generation of individuals resulting from the crossing 
of two unlike parenta. An abbreviation of the words first fiHoL 

Ft (isf too*). An individual or generation of individuals resulting from the mating of 
two Ft individuala aa parenta. An abbreviation of the wotda eeeond fSUal, 

Fg ii^ three'). An individual or gmeration of individuala whoae parenta are Ft 

individuals from a previous croas. 

Factor (Jak'ter) SnmotliiiiK in n gprm cell or othrr fHl wInVh is rpspnn.sihlo for a 
hereditar>' clmructori.stir. Als« > called gene. In a general sense, factor means any 
agent or cause of auy pheiioiacuuii. 

Family {Jam' i It). A taxonomic group of higher rank than the genus but below the 
order. 

Faadola IkBpatica (/at si' o Is pof i ha), A species of parasitic flatwonn (Trema- 
toda), conunonibr called the liver fluke. 

Fat (Jat). A compound of glycerol and one or more fatty adds. 

Fauna (faw' na). Collectively, the animals of a given region or of a given period of 

time. 

Femur (fe' mur). Tln^ single bone of the thigh in vertebrates above the fishes. 
Feral (/e' ral). l^capiHl from donie-sticatiou. Also, sometimes, wild. 
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Fertilization {Jer' U U za' shun). The union of an egg with a spermatozodn, a procetiH 

nqomite, in the I^mt amnmlii, to the devebpoieiit of the egg. 
niMffl OS' brii)* One of the longitttdixMl eootnotOe threede of a vohinteiy mueele cdl. 
Filrale ifib' u la). The outer one of two bonee in the lower leg of vertebratee except 

the fishes. 

Filar (fi' lar). Composed of threads ; need in describing Bome fonns of protoplasm. 

Fission (fish ' un ) . The diviaion of an orgeniem into two iqppioadmatdy equal parte; 

or, simply, diviaiuri. 

Fix {fi'ks). Tn ronvert into compounds; said of the action of certain bacteria on the 

nitrogen of the air. 

Flagellate C/Iq;' tX late). Possessing flagella, or pertaining to or performed by flagella. 
As a noun, a flagdlate protosote. 

Flageliam Qfa jd' km) (pt., flagella). A long whip-like motile projection from a cell. 
Flame ceO (fiam^ sef). A cell hairing a hollow interior in which a bunch of vibratile 

cilia are located, forming part of a protonephridium. 
Flemming, W. (Jlem' ing). A German biologist. 

Flora (jlo' ra). Theplantsof agivenareaorof agiv^n period of time, taken ooUeotively. 
Fluctuating variation (ftuk'tuating va' ri a' shun). A modification of jin f rtranijim 
which is not inherited, and which is presumably due to the environment in a 

broad sense. 

Fluke {fluke) . Any one of aeveral epecfee of tiematode worms. 
Foot (/oof). The basal muscular part of a clam or snail, variously modified in many 
other moUuaks. Also the terminal part of a leg, the bees of Hydra, ete. 

Foraminal aperture (Jo ram* % nnl aj^erture). In a sponge gcmmule, the opcming 
in the shell through which the young sponge escapes when it begins to develop. 

Formaldehyde (for mal* de hide). Ages whose formula is HCHO. 

Fossil {fo8* ail). The remains, or other indication, of a prehistoric animal or plant. 

Fungia {Jun'ji a). A genus of corals, of the phylum Ca'lentcratu. 

Furcula (Jur' ku la). The wishbone of a bird, consisting of the fused clavicles of the 

two 8id^. 

Oalen (ffa'lrn). Famous Greek physieian and anatonii>?t hum about 130 A.D. 

His writings were long the highest authority in medical seienci'. 

Gall bladder (gatd' blad' tier). A pouch in which the bile secreted by the liver is 
stored. 

Oatvanotexia (^oT von o tdb' m). An orientation of an organism with reference 

to the stimulus of an electric current. 
GalTanotropism (jiaV van td' ra pi^tn). The response of an organmm to an elsctrio 

CMrr«"nt. 

Gamboge (gatti' bnje). A resinous substanee. 

Gamete {gam' eet). A germ cell, or other coll which fuses with a second cell in 
reproduction. 

Oangliea {gang* gli on) (pi., ganglia). A mass of nerve cell bodlee, usually forming 

a thickcwing in the course of a nerve. 
Oastefosteua {gat^ ter o»' U us). A genus of fishes, the 8tickld>aeks. 
Gastric (ga$' trik). Pertaining to the stomach. 

Gastrocnemius (gat^ Iroik ns^ sit ««). A huge muscle in the eatf of the leg in verte- 
brate animals. 
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Gastropoda (gas trap' o da). A r1a.<tn of Mollusca including the snails and slugB» 
mollusk» w hase bilateral Rynimetry is of ttii obscured by a coiled body and shell. 

Gastrovascular ijgatf tro vas' ku ler). Serving the functions of digestion and circu- 
lation. 

GMtrof CMiilar cavity (ya«' ln> vo^ ku ler hmf % fj). See eoilefiteraa. 

Gastrata 0^ A*)- An early developmental stage, formed from a blastula by the 

invagination of the vegetative pc^frf the latt«r. The gastruiaconslBtaof twolayem 
of cells (ectodem and endodorm) aunounding a cavity which communicatea with 

the exterior. 

Gastrulation {gas' Iru la^ shun), Th» inva(pnation of the vegetative pole of a blastula 
into the blastoccele. 

Gelatin (Jd* a tin). A jelly-like 8ui>stance obtained by boiling fruui cartilage, bone, 
tendooi l^sament, connective tisBU^ etc. 

Oammttla (jem' mule). A group of cells forming a reproductive body in fieehwater 
sponges* 

Gene ' Something in a germ coll or other cell which is responsible for a heredi« 

tary characteristic. Also falltMl factor. 

Generic (jc ner' ic). Pt-rtaining to a K<'nus. 

GeneticsQie net' ihe). The science of heredity, variation, sex determination, and 

relat'ed phenomena. 

Genital ijcn' i tal). Coiicerucd with rcpruduotiou. 

Genus (je* nus) {pi., genera, jen' e ra). A group of species having so many structural 
features alike that th^ must be regarded as having sprung from common ancestry ; 
a group of lower rank than the family. 

Geoffroy-Saint-HHaire^ Btlsiuie. (thofrwa' $ait UkUr*). French naturalist^ 1772- 

1844. 

Geotaxis (je' o tak' «m). An orientation of an oiganism with reference to the stimulus 

of gravity. 

Geotropism (je of ro piz'm). The response of an orgunistn to the stimulus of 
gravity* 

Gephyraa (jefter' i a). A group of worm>]ike animals of doubtful rank and relation- 

shipe. They have sometimes been referred to the Annelida. 
Gofm cell (jerm' seV). A cell capahU^ of rrpmductlon, or of sharing in reproduction, 

as contrasted with the somatic or body cells wliich are sterile. 

Germinal (jer* mi nal). Relating to the germ cells; said of epithelium, for example. 

Gill igil). A structure having a surface enlarged usually by branching or folding, 

which serves a respiratory function. 

Gill bar (t^/' bar'). The tissue between two gill ck f ts. 

Gili cleft {gil' klcft'). One of several openings from tlu> plwtrynx to the sides of the 
neck or head of a vertebiate embiyo or adult; derived from a gill pouch. Also 
called gill slit 

GUI pouch (gU' pouch'). One of several cvaginations from the sides of the anterior 
part of the 'lii;)>.stiv<> tract in the- embryos of vertebrate animals. In some animals 

they brt'ak ojxmi to tlic> out.suit', lu'comin^ ^ill clcfls. 

Gizzard {gtz' zertt). In the earthworiu, a thick-walh-d {M)rtiim ol" Uif alimentary 
tract behind the crop. In birds, the posterior muscular division of the stomach. 

(Madal ^bi' sAa2). Pertaining to glacier^ or to the period when glaciers were com- 
mon in regions now temperate namely, late Cenosofc time. 
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Gland (gland). An organ whose function is the secretion of something to be used in, 

or ejpct^Hl from, the body. 

Glaucomys (gluw ko' mi.s ). A genus of flying-Bquirrols. 

Glcaoid fossa {glc' lund Jus' sa). The cavity iuto whitii the head uf the humcruH fits. 

Glochidium {glo kid' i um). The young stage of a mussel, which becomes temporarily 
attaohed to fiahsa. 

Qlomentiia (gib hmKuIim). A ooU of blood capillaries at the end of eaeh tubule in 
the kidney of a vertebrate animal. 

Glossozoa ijgloa' so zo' a) A group of animals (litiaally, tongue animals) in Oken'a 

early classification. It comprised the fishes. 

Glottis (fjlnt' fis). A slit-iike opening in the luynx at the anterior end of the trachea 

ill vcrtcV)rat«8. 

Glucose {glu' kosc). Grape sugar. 

Glycerol (glis' er ole). An alcohol entering into the composition of fats and having 
the empiriesl fonuula GtH»(OH)^ Same as i^yeetin. 

OlycefOpliMplMMic ^lia' er o/os/oK ic), A dibasic acid found in combination in the 
lecithins. 

G^cogen {gli' ko jen). Animal starch; a common form of stored carbohydrate food 

in animal tissups. 

Gmelin, Johann (gma' lin). Gcnnan botanist, 1709-1755. 

Goblet cell (aoh' let). A swnnmt? roll containing a siihRtance reatiy for secretion, and 
often iiaving the shape of a gobiut owing to the enclosed substance. 

Gomphoceran {gomfos' er an). Any extinct ceplialopoU rescmbbng GomphucuriiS, 

whose shell wss short and wide. 
Goaqdiw (jgam'fut)* A genus of drsgon-flies. 

Gonad (go' nod). An organ in which germ edis (either oflgonia or spermatogonia) 

are produced or lodged . 
Gonangiiun (go tmh' ji nm). An individual without tentacles in a typical hydroid, 

whose function is the production of medusa*. 

Goniatite (gr/ ni a tile). An extinct ccphalopofl h-ivinR a coiled shell and bent or 
anuular .sutures; so named from thegenuis Goniatites {go' m a It leez). 

Gonionemus \^go' ni o ne' mtis). A genus of jellyfishes. 

Gonium (go'iUum). A genus of cobnial flagellate organisms in which the cells 
are held in a flattened gdatinous mass. G. iocide («o' «M a' le) ctf four cdb; 
G.pcctorala Cfidk' to ra' U) of IGoeUs. 

Gonodnct (go' no dukl). A tube by which germ cells (either eggs or sperms) are 

discliarged from a gonad. 

Gonophore (go' no fore). One of the reproductive members of a siphonophore colony. 
Gonotheca rw the' hi). The tough ahcath surrounding a gonangium. 
Gopherus (go' jer us). A genus of turtles. 

Grain (grane). Small elevations on the leaves of tobacco, due to certain iiiuds of 
deposits within them. 

Gnmtia (0ron' a). A genus ofcaloareoua marine sponges. 
Graze {gra»e"). To eat gnun or similar heibage. 
Gregaloid (jjrt^ a Md). Loosely aggregated into an irregular mans. 
Gregarina {jgrt^ a rin). One of a family of parssitic Protosoni for enunple^ Mono- 
cyitist puTMitic in the seminal vsnclei of the earthworm. 
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Grew, Nehemiah {groo). English botanist, 1641-1712. 

Grouse ((ttohm). One of several species of birds of the family PhaaiMiidM^ to which 

quail, tvirkt-ys, ])larTnignns, and prairie-chickens alsu bt-Ioiig. 

Guanaco [yu-ah nah' ko). A llaina-like animal of South America. 
Gustatory {gim' tatori). Pertaining to the sense of taste. 

H«1iitet(Aafr'<laf). The kiiid of place in which an oigwiismlivis. 
ndyaltet (Aa{' i ^ tut), A genus of extinct chain^corab. 

Baplold (Aop' Ibid). Single; raferring to the feduced ntimber of cfamnoeomeB in the 
mature germ ceHs of bisexual animah. C/. diploid. 

Haplosodn lineare (Aap' loao' onUn* re). A spedea of meaoioOn fonning a linear 

aggregation. 

Harvey, William (Aor^ vi). An English physician and phyvologi^ who lived 1578- 

1657. 

Head {hed). An enlarged antaior portion. In animals, the part usually containing 
the principal nervous centexs and aenae organs. In a ipamatosotai the eakiged 
part consisting mostly of the nucleua. 

Heidelberg {hi' del berg), A city in (Germany near which the remains oi a manlike 

being (the Heidelberg mnn) were found. 

Heliotaxis (hr* liotak' n*). An orientation of an organism with reference to the 

direction uf light. 

Heliotropism {Ik ' li ot' ro piz'tn). The rt-spcjiiao of an organism to the direction of light 
Heliozoa {Uc' li o zo' a). An order uf rhizopod Protozoa. 
Helix [he' likfi). A gcntm of snails. 

Relxnmihology i/ul' viin thol' 0 ji). The zoology of fjarjLsitic worms. 

Helodrilus foetidus {he' lo dri' Iwt fei' % dm). A species uf annelid wurai luund in 
manure heaps. 

Bemoglo'bin (Ae'mo^lo'iwn). A reddish protein contained in the red blood ceOa; 
also spelled hismoglobin. 

Herbivorous {her o rus}. Flant-eating. 

Heredity (he red' i H). Tlic occurrence, in ofTspring, of the same kinds of represeota- 

tivcH of ])hysical and psychical traits as were in the parents. 

Hermaphrodite (her viaf ro dite). An orpnnism posf«raping both male and female 

organrj. Also (adjective), possessing thf orgaiiis of both .se xes. 

Hermaphiodilism [htr maf ro di tiz'm). The state of being a hcrmaphrudilc. 
Herpetology {her pe tol' oji). The zoolopy of reptiles and Aniphibiu. 
Beteromita lens {hH* er o mi' to lenz') . \ species of flagellate protozodn. 
Hetaraiorphes {hef er o mor' feez). A group of animals in Blainville's early dsasifica* 
tion; animals of irregular form, mainly sponges and Protosoa. 

Heterozygote (het er o tif gate). An organism to which its two parents have con- 
tributed unhke genes with respect to some inherited character, and which in 
turn profbiees two kinds of germ cell.'< with respect to that character. 

Heterozygous [hi t' er o rt' tfis). Of the nature of a heterozygote. 

Hezactinellida {hrkg ak li ml' li da), A class of Porifera (sponges; whose spicules are 

composed i»f silica. 

Hexagenia {heks' aje' ni a). A genus of may-flies. The immature individuals arc 
burrowing aquatic animals. 
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Hedology (hM o ji). Tlie sdenoe of the ralatioii of animals and plants to their 
enviroiuiieiit; aometimw enooeoiiBly spelled hexiookiy. 

]^parioii {hip pa' ri on). An extinct home-like animal of Miooene and Pliocene time 
in North America and Europe. 

Blppocampos (hi j/ f>o kam' put). A fSfiuaa of fishes of bisarre form resembling 

in p.»irt a horse's head. 

Hirudinea {hi' ru din* e a). A class of Annelida comprising the leeches. For defioi- 

tiou sec Chapter XII. 

Histology {his tor o ji) . The science which deals with the structure uf tissutss. 

H<dothivioldea (Ao' lo thu* rioi' de a). A class of £chinodermata, comprising the sea 
, euctunben. For definitimi see Chapter XII. 

Homo (ho' mo). The genus of animak eomprising man. 

Homolecithal (ho* me fas' i thaX), Having the yolk uniformly distributed throughout; 

said of ^gs. 

Homologous (ho mol' o gits). Oric^inntinv; in the same way in evolution and brace 

in the emhrj'o; said of organs or stnic tares. 

Homology (ho jnol' oji). Similarity of origin in evolution and hence in the embr>'o; 
applied to organs tliat arise in the same way. 

Homozygote {ho' mo ti' goU). An organism whose two parents contributed to it 
similar genes for some inherited character, and whose germ edls are therefore all 
alike with req»ect to that character. 

Amiosygooa {ho' mo ti' gus) . Of the nature of a homosygote. 

Hooke, Robert {hook). English natural philospher and mathematician, 1635-1708. 
Booker, Sir J08epll<Dalton {hook' er). English botanist, 1817- 1911. 

Hormone (hnr' mo neat hor^ mom), A secreted substance which stimulates activity 

in in organ. 

Humerus (hu' mer ua). The single bone of the upper arm in Amphibia and the higher 
vertebrates. 

Hud^, Thomas {htUu' li) . English biologist and lecturer, 1825-189S. 
QysUodes (At' a U o* deez) . A genus of beetles. 

Hybrid (hi' hrid). The offspring of two parents unlike one another in some heritable 
chaiaeter. 

fi^bridlzation {hi' brid i za' sAlin). Thn procc^as of crossing animals having unlike 
heritahle characten, theieby producing animals possessing genes for the traits of 

both parents. 

Hydra {hi' dra). A small tubular freshwater animal with tentacles and stinginR 
organs, belonging to the phylum Coclcnterata. Two species are common, H. oli- 
gadia (oeigakrtU), andH.v]iidisdina(iiesr'<djs'«t m4). 

^dtactinin (H' dnk Hn' i a). A genus of marine colonial and polymorphic Hydro- 
soa, ttving attached to the snail shells occupied by hermit crabs. 

Rydrantk (hi' drarUh). A Hydra-like, tentacle-bearing member of a hydruid colony. 

Hydrocoralliue (hi' dro htu'' al W nee). An order of Hydrosoa comprising c«tain 

corals. 

Hydroid {hi' droid). A colonial coelenterate, the individuals of which resemble Hydra 
in certain respects. 

Hydrolysis {hi droV i sis). A double chemical decomposition in which one of the 

aubetancee consumed is water. 
Hydfolyse (hi' dro Ute), To undergo, or to subject to, hydrolysis. 
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Bydiop^yche (hi' dro ti* hee), A genus of insectB includiiig oertain caddia-flies. 

Bjdrarhla (Af dro ri' w). Unit part of a bgrdroid colony which ts attached to the 
8ub-«tratiun. 

Rydxt)tazis (hi' dro tak' tia). A lesponae to moisture. 

B7drotheca(Ai' dro the* ka). Tlic touf^h transparent sheath surrounding a hydranth 

of a h> droid; an expansion of tlic pensarr. 

Hydrotropism {hi drot' ro piz'm). Tlio rrspoiisf of an organism io wator, or inuisturr. 

Hydxozoa {hi' dro zo' a). A class of Cd'icntt'rata, inchuiinji Hydra, the hydroid^i 
jpllyfislics, and some curalii. Fur deiiuitiuii se«i Clmptur Xil. 

KylA {hi' la). A genus of tree frogs. 

Hymenoptera {Jki^ mm OTp^ Ur a). An order of inseets, embracing the bees, aiitai 
waspSf ichneumon flies, and othen. 

Qfoid {H' 0mI). a bone or group of bones or cartilages located at the base of the 
tongue or in a corresponding situation. 

Hypertonicity {hV jter to nW i ti). The presence of a greater osmotic pressure than 

Ttnrmal; for example, in sea wat<T. 

Hypodermis {hi' jtoder' mis). An cxtr rnal layer of cells beneath a secreted cuticle, 
as in tlic earthworm and in insects and Crustacea, 

Hypohippus \^hi' po hip' pus). An extinct hur»e-iike animal of Miui-eiic tune m 
Ncnldi Amerioa. 

Hypostmae Qd' po sfome). A projeetion from the center of the circle of tentacles 
in Hydra or one of the hydroids. It is perforated by the mouth. 

jQypotonidty (ki' potonWiH), The presence of a lower osmotic pressure than 
normal; for example in sea water. 

Xchneomon fly {ik nu' men). One of a family of parasitic insects of the order Hymen 
optera. 

fleam (il' e urn). The last and usually longest of three divisions of the small intestine. 
Qium {if i um) {pi., flla). The dorsal bone of the pelvic girdle in Amphibia and the 

higher vertebrate's. 
Incisor (in «' zer). Onv (jf the front cutting teeth of a mammal. 

Incubation {ing' ku 60' «Aun). The wanning of eggs, resulting in acceleration of their 

development. 

Infusoria {in' /u zo' ri a). A class of Protozoa members of which are covi red with a 
pelliel^ have a fixed mouth, and are usually covered with cilia; example, Paramo- 
cmm. 

Ingeelioa {inje»' Mim). The taking in of food. ■ 

bhaleiit iinha'lenl). Breathing in; applied to one of the nphons of dams and 

mussels, to certain pores of jri>' >?M^'f « md to other passages. 

Innominate bone {in nom' 1 nntt ). The sinKle Itonc fornu'd l>y the fusion of tlirf<' 
hones of the pelvic girdle in man. Thin name is not usually applied in the case 
uf other vertebrates, though fusion of the bones of the girdle eoiuuionly occure. 

Insects {in sek' to). A class of Arthropods ha\ing one pair of antenna), three pairs of 

legs, and traehe» for respiration ; the insects. 
Insectivore {in sdk" H wnt). Technically, a mammal of the order Insectivora, including 

the moles, shrews, and hedgehogs* In a popular sense, any insect-eating animal. 
Interalveolar {in' ter al ve' o Irr). Existing lietween the alvecli;said of the supporting 

liquid of an emulsion, in which the alveoli are encloeed. 
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Intercellular (ui' Icr .sr/' n Icr). Between cells. 

Interdigitate (///' tcr dij' i tale). To dovetail together like the int«irlocke<l fingers of 
the two iiantb ; said of adjoining environments when stripe of each project out into 
the other. 

bktenul nvlimtlmi (In ter' wd raf pi ra^ sAun). Tlie tnnafer of oxygen from the 
blood to the ■unounding odJe; true requntlon. 

latemal secretion (ijt t>r* rial se krt^ «fttm}. A eeeretkui pouted directly into the blood 

witliuvit passing through ducts. 

Intracellular (in' tra ^(1* n ler). Within x\ cell. 

Invagination (in wij' i nn' ximn). Tlif fnldinR of a layer of cells inward int<j a cavity. 

Invert (in rt^rt'). To hydrolyze (u < imijfound sugar) into a monosaci hnrido. 

Invertase (in vcr' Ui.sc). An enzyme splitting eane supar int^i glvjcosc and fructose. 

Ion (i' on). An atom or group of atoms bearing an electrical charge, formed by many 
tubetancee on going into idntion. 

IfritabiUty (»y n to US' I Suaeeptibilily to tfaeinflueneeof etimuli. 
bchiniii (w' ki urn) (pi., iechfe). The poeterior of two ventrally located bonee 
of the pelvic gvdle of vertebrate animals above the fiahes. 

Zeogamete (i' «o 00m' esl). One of two gametes of equal site which fuse in reproduc- 
tion. 

Isogamy (t ^vw^' a mi). Fusion of like gametes in reprtxiuction. 

Isomer ii' so mcr). One of two or more chemical suli.staners composed of the same 
elements, and of the same number of atoms of each element per molecule. Each 
substance is an isomw of the other(8). 

Iaoiiiiotlc(i'«osino#'tfc}. Same as iiotonle. 

Isotonic 90 to^ ik). Having the same osmotic pressure; said, for example, of two 
solutions. 

Jejunum ( jcju' nurn). The second of three divisions of the siuull iiil<;sitiue. 
Jugular vein ( g^i ler mn^). A large vein returning blood from the head. 

Julus {ju iti^i. A genua of luillipedcs. 

Jurassic (ju ras' sik). Of middle Mesozoic age; named from rocks in the Jura moun- 
tains. 

Karyokinesis [fni' ri o ki tie' .ns). 8anic :us mitosis. 

Keratin (ker' a tin). A substance forming the bulk of horn, liair, nails, etc. 

Kidney {hui' ni). The chief organ for the excretion of nitrogenous wastes in most 

vertebrates. Also an excretory organ in certain other animals. 
Kinosteniid« (kC no «leK ni dee). A family of turtles. 

Labial palp (la* bi at palp^). One of two pairs of flattened ofgans beside the mouth of 

mussels. 

Labium [la' bi um). The lower lip in many animals. 
Labyrinth iluh' t riidh). Tlie imicr car of vertebrates. 

Lactase {lak' ttjuse). An enzyme of the small iutesiine whose function is the conversion 

of milk sugar (lactose) into dextrose and galactose. 
Lacuna (Is Jbi/ no), A qpaoe in the matrix of bone which contains in life a bone edU. 

Lamaidc, Jean Baptlste, etc. (la nm¥)» Celebxated Ftech natumlist and proponent 
of evolution, 1744-1839. 
as 
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LmelU (fa jimT Is). A layer. 

Lampnj (liim' jiK). An eel*Iik« animal of the daw Qydoatomata. 
Lampaitii (kanji^ ii Hn). A gemis of fireahwater miuMls. 

Laif e intestine (Imf in tet^ Hn), The enUtcged pwtion <if the digertive tract following 

the small intestine. 

Larva ihir' vn). A frcc-Iivinn (ievelopnipntal stage of an animal in which ccrtuin 
adult orgfuw are still lacking or in whicli organs are present that are lacking in the 

fldnlt. 

Larynx {lar^ inks). An enlargement of the anterior end of the trachea, in which the 

vocal ootda ate located. 
latralUe, Placn (approximately lah irajO* French wfllogtat, 1762-1833. 
Laclthlfl i thin). One of a number of lipoid substances common m egg yolk, 

nerve tissue, and other Idnds of cells. 

Leeuwenhoek, Anloitlns von (kf wen hook), Dutch natufalnt and micnisoopist, 

1632-1723. 

Leiolopisma dc' yo In ]ri/ ma). A genun of skinks (lizards). 

Lemming {km' ming). A rodoQt of the family Muiidffi, to which the rat«, mice, and 

muskruts belong. 

Lepas anatifera pa» an' a lif er a). A Hpeciett uf barnacle (subclaim Cirripedm 

of tbeCnwtacea). The goose barnacle. 
L«]itinot«fsa {1iep*HnoUu^ ea), A genus of kaf-eatingbeetlea to which the common 

potato beetle bdongs. 

Leptodac^tts (fep' to datif H (tw). A genus of frogs. 

Lera^opoda edwardsil (ler' neof odaoi vmd^ i {). A oopepod ((>witaoea) porasitio 

on the gills of certain fishes. 

Levulo«;e f/er' a lose). Fruit sugar. 

Lignin (li^ nin). A subetance mixed with tlie cellulose in the c^ walls of woody 
plants. 

Umax (/f makf). A geadoM of slugs (gastropod nuilluska). 
Linear (Un* e or). Arranged in a line or row. 

' Lingida (linf^ gu fa). A genua of braehiopods, a group of uncertain r^tiondups. 
Linitt (It" fwn). The substance of the fine network of the nucleus of a ceU on which 

the chromatin la located. 
Linkage {Wulf eo). The occurrence of the genes for two or more hereditary characters 

in the same germ cell more frequently than the operations of chance would require. 

Linncus, Carolus (lin ua). Sec Linn£. 

Linn^, Carl von {lin nay'). Swedish botanist and nnfurali.-it. author of thr hinomial 
system of nomijnclature and an artificial cias»ihcation of animals and plants, 
1707-1778. 

Lipase (f<^ jnim). A fat-^aplttting ensyme. 

Lipoid (Z<i/ oh/). One of a group of substances whose chemical and physical propeiw 
ties resemble those of fats. 

Lipolytic (/ly olHTik). Fat-epUttiog. 

Lister, Joseph {lin' ter). English surgeon, 1827-1912. 

Lidiobius forficatus (Htho'fri'us /of' fiht^titt). A species of centipede, phylum 

Arthropoda, i-la.ss Myhapoda. 

Liver {liif' er). A gland which secretes bile and other substances. 
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LolifO <li> if fo). A gBom of ettttlefidics (molluiks) dmilar to Sqna; commonly 
called squids. 

Loxoceras (loks ot^ «r cur). A genus of extinct ccphalopods of the orthoconc type. 

Lumbar ihaaf bar)* Pertaining to the loina, the regjuta of the back posterior to the 

ribs. 

Lumbricus terrestris (him bri' kaj< tcr rcj<' fris). A species of earthworm* 
Lung (lung), A respiratory organ in thn vrr(.ebrate3. 
Lyell, Sir Chaxles (It' el). A British geologist, 1797-1875. 
Lyninaea yL/n rw' a). A genus of siiails. 

Lymph (Umf). A clear fluid containing colorless cells found in lymph vessels. It is 
essentially blood without its x«d cells and somewhat diluted. 

Lymphadc ijsteai (Hmfat &s Ha^ tern). A system of vsasels conveying lymph m 
-Tertebrstes. 

Lym^ heart (lim^ hmf). One of a number of eontraedle chamhors in the lymphatic 
qrstem of low«r Tortebrates which by their pulsatioii propel the lymph. 

Macrogsmete {mak' to gam* eet). The larger one of two kinds of gametes in species 

in which these cells differ in siise. . 

Macronudeus (mak' ro nu' kie wt). The large nucleuH in a cell or organism having 
two nudei of unequal mwe, 

Uacroiifliain atabonii {mak^ ro a^fum mm' ham <)• A q>eGieB of insect, one of the 
plant lioe, living on chrysanthemum plants* 

Maiygghi, Marcello (moAi ]ms' ffm}* Italian anatomist, founder of microsoople anat- 
omy, 1628-1694. 

Malpighisn corpuscle {mnhl ine* tjte an hor* pu8 s'l). One of numerous bodies in 
the kidneys of vertebrate anitnab, each composed of the expanded end of a 
kidney tubule (Bowman's capsule) and an enclosed knot of blood capillanes 
(glomwulus). 

Maltaae (matpl' foss). An ensyme splitting maltose into glucose. 

Halthus, Thomas Robert (nuil* ihtta). English political eoonomist, author (1803) <rf 

" Essay on Population," who lived 1706-1884. 
Maltose (mawV (ofls). Malt sugar. 
Mammal {mam* mat). One of the Mammalia. 

Mammalia (mam ma* It a). A class of vertebrntca having hair^' bodies, producing 
young witliiii the body of the mother, and nourishing the young after birth with 
milk secreted by the mother. 

Mammalogy (mom tnalf oji). The sodlogy of mammsls. 

Mammodi (imtm' mulh). An ekphant-like animal of prehistoric tunes. 

Manatoe (hum' a f0sO. An aquatic mammal of the order Sirenia, commonly called 
aea^^ow. 

Maade {man' fO* A sheet of tissue, typically quite thin, which secretes the shell in 
molluska. 

Manubrium {manu* brium). A projection from flic cnnter of the siib-umhrena 
of a medusa, corresponding to the hypoatome of a hydranth, and bearing the 
mouth at its end. 

Maigjnal bone (//lar'yin oQ. One of a ring ol bmies around the margin of the cars^ 
pace of a turtle. 
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Marsupial (//uxr .sm' pi oi). A m&iumal }iaving a poticit in which the young are carried 
(for example, the oiMjusumaiMl the kangaroo). As an adjective, possessing a pouch ; 
as the matsuiiial frog. 

HastlgoplMcm (jimm' U ^cf o ro). A elaw of Protoaoa, characterised by flagelk. 

Maitodoa (mot' to don)» An extinct genus of dephant-like anitnala of Pliocene and 
Pleistocene time. 

ICatemal (ma ter' noZ). Pertaining to or derived f rom the mother. 

llatrix (ma' triks), The non-ceUular material in which the oeUs oS hoifi and cartilage 

art' ifnhf'fided. 

Maturatioa {/nal' u ra' shun) . A process which kltiu l-cHh uiidcr^ro hrforc flu y lic- 
comc functional, consisting essentially of (usually) two cell divisions, in at least 
one of whidi the behavior of the chromosomes is unlike that in othrar cell divisionB. 

MeduHs oblongata (me duV la c6' long go* ta). The enUugement of the anterior end 
of the spinal cord in vertebrates, commonly regarded as tiie posterior division of 

the brain. 

Medusa imolu'sn) (pi., medusae, sisd«'«M). A jeUyfiah; the free-awimming 

raenihrr of many h\'droid species. 

Megapodes (meg' a po' de&c). Birds of the family M^apodiidie, the mound-birds 
and jungle fowls. 

Mendel, Gregor (menf del). Austrian monk and plant breeder, founder of modem 
movement in genetics, and mithor of ** Menders Lav" of heredity. Lived 1822- 
1884. 

Mendd's Law {men* deU law'). The law that genes for inherited chaiactera separate 

from ono another and rco()nd)ino in vnrious ways in the f»orm cells. 

Meridional (me rid' i o nal) . Passing through the animal and vegetative poles; 

said of certain cleavage planes of an egg. 

Merozoite (tner^ o zo' tie). One of a number of minute motile cells formcii ijy niutliple 
division of the nucleus and subsequent frsgmentation of the cytoplasm of the cells 
of Coocidium and similar parasites, while in the intestinal cells of the host. 

Merythippns (mer' i hip^ An extinct faors^like animal of Miocene time. 

Mesentery (met^ «n ter t). A double sheet of tissue, continuous with the peritoneum, 
which supports an organ (such as the intestine) from the body wall. 

Mesoderm (me«' o derm). A layer of cells between the ectoderm and endtKlerni. 

Mesohippus ime»' o kip' pus). An extinct animal of Oligocene time, ancestral to the 

horse. 

Mesozoa (itics' o to' o). A group of degenerate animals of uncertain rank ami rda- 
tiondiip, once regarded as intermediate between Protosoa and metasoa, hence the 
name. 

Mososolc (inm' o so' ife). Pertaining to the geological era between the Paleozoic and 

CJenozoic, or the age of reptiles. 
Metabolism (me o The sum total of the chemical processes going on in 

j)rot(ipl;usm. 

Metacarpal (tml' a kar' pal). One of the bones forming the biMiy of the hand or fore 
foot in vertebrates. 

Metsgfinesis (m«f' a$en* e tU). The occurrence of two or more forms of individual 
in the same one or more of which reproduce aaexually and one of which 

rqiroduoes sexually. 

Mstamero (me^ a meer). See somite. 
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Metamerism [me (am' er iz'm). The condition of being divided into a number uf 

similar mL'titmere.s or .somites. 

Metamorphosis (mel' a nwr' Jo sis). The imiisforination of a larva into an adult. 
MetaphasG (i/id' dfazfi). I'lmt stage of ccU division iu which the chromusomes split. 

Metargiupe [met' tir ji' ii pee). A gt-mis of spiders. 

Metatarsal [met' a tar' sal). One of the bones iorming the body of the (hind) foot of 
vertebrates. 

ICetasoOn (mcC a tx/ on). An animal composed of many cells. AH-hough the tenn 
contrasts an animal with the Protoaoa, it is not a name of any taxonomic group 
of animals. 

Methyl-green {melW il green'). A green substance used as a nuclear stain. 
Metxidium {me trid' i urn). A genus of sea-anemoncs, of the phylum Coeleaterata. 
Miastor {mi as' ter). A genus of flies; the larvffiarepiedngonotic. 

Microgamete {mi' krn gam' rrt). The smaller one of two Icinds of gametes in species 

in whjch these cells dilTer in size. 

Micronudeus (mi' kro nu' kU us). The smaller nucleus in a cell or organism having 

two nuclei of unequal siae. 
ICc r os t oi nw n (mtiros'lamitm}. A genus of flatWMms (Platyhelmintbes) of the 

Older Rhabdooodida. 

Mid-piece {mid' pees). A minute stfucture in a qiermatosoOn, between the head and 
the base of the tail. 

Mimic {mim' ik). An animal which resembles another animal having some rqiellent 

or dangerous property which protects it. 

Mbnicry {mim' ik ri). The reseniblanre of one sporie.s to another, especially resem- 
blance to one having some repellent ur daugiirous pruptrty. 

Miocene {mi* o «een). Belonging to middle Tertiary time; succeeding the oligmroae. 

Miracidittm (tnstr' a nd* i urn). The larval fcom of a trematode worn such as the 
livOT fluke which entna a snail as host. 

Mtaindft (ml ran' da). A genus of spiders. 

Mitosis {mi to' sis). Cell divinon involving the foanation of chromosomes, spindle- 
fibers, etc. Also called karyokinesis. 

Model {mod' el). An animal with some protective property that is rejr* llf-nt <>r 
dangermiH, to which another animal without such protective trait beara a 
reaemblaucu. 

Modiola {mo di' o la). A genus of marine dams. 

McsriUiefliiin {m^HOu^rium). An extinct animal fioin the Eocene of Eg>pt, 
probably an early ancestor of the elephants. 

MoU, Hugo vcn (mob). German botanist, 1805-1872. 

Molar (mi/ ler). One of the grinding teeth of a mammal, back of the incisors and 

canines. 

Mold {mohl). A cavity in a rock representing the form of an animal or plant or other 

()l>jei'« whose reinain.s funneriy occupied the cav^ity. 

Molecule {utol' e kule). Usually a group of atoms behaving as a unit of the substance 
which they compose. It is the smallest particle which possesses the chemical 
nature of the substance. 

MoUoaca {mol hu!' tea). The phylum of animals including the clams, snails, cuttle- 
fiahes, etc. For definition see Chapter XII. 
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Mollusk {md* hisk). Ono of the MoUusca. 

Monaxon (mon aks' oti). Having one axis; rod-like; .said of sponge Hj)icu!e8. 
Mondino da Luzzi {mon dee' no da loot' see). Italian anatomist in University of 

Bologna, in early part of fourteenth eentuty. 
If oooqritls (mon* o ns* tit). A genus of gregarines, Piraiosoft of the class Spoiosoa, 

order Oreg»riDida. lC.«gQls(<v'tfM)isa eommon species* 

Monscious (mon et^ dliis). Having the organs of both sexes in the same individual 
which is thus a hennaphrnditc ; said of species. 

Honotreme (m/}n' n treem ). One of the Monotremata (Ptotothena); an egg-laying 

mammal having a cloaca. 

Morphology i tnorjol' ojx). The branch of biology which deals with the structure of 
living things. 

Motor {mo* ter). PerUwing to movement; applied to a neunm whidi conveys im- 
pulses feeulting in muscular movement, gUuMiular aetioo, and the like. 
Motor root {mo' ter root'). The ventral one of tWO roots by which a spinal nerve is 

connected with the spinal cord. So called becauM its fibers have a motor function. 

Mucin (mu' <in)« A substance from which mucus is derived; it is secreted by certain 

glands. 

Mucosa (mu ko' sa). The layer of cells lining the digestive tract of vertebrate 

Modleriaa duet (mflf te^rian duk^), A tube formed in the embryo of most verte> 
brate animals, becoming the oviduct in the female and degenerating (with few 

exceptions) in the male. 

MUller, Johannes (mill' ler). German physiologist and anatomist| 1801-1858. 

Muscle {mus' a'l). An aggregation of contractile cells. 

Mutation (mu ta' shun), A heritable modification arising from internal causes in an 

orRaiiism. 

Mycelium {mi ae' It um) {pL, mycelia). The filamentous growths uf fungi and 
related plants. 

Myoneme {tni' o nmn). One of several oontraetile filaments in the stalks of Vorti- 
oella and its allias. 

Myotome {mi' o tome)* One of the segments into which obtain muscles are divided. 
Myriapoda (meer' i ap' o da). A class of Arthropoda having trachea, otie pair of 

antonnro. and many unspcciaUzcd legs; centipedes and millipedes. 

Myxomycetes {mikt' o mi Me' Uez). Hie slime-molds. 

Kacte ina' km). The pearly substance aeoreted by moUuaks upon their shell or 
othor objects. 

Haia (no' it). A g^us of freshwater wormsy I^dsrum Anndida, subclasi Oligoclueta. 

Nasd pit (no' sol pd'). The ectodermal depresnon in an embryo which forms much 

of the nostril. 

Natica Uinl' i ha). A genus of marine snails. 

Natural history {nni' u ml his' to ri). A descriptive nfr-nnnt of things in nature, 
particularly animals and plants, though the term is tmnietimea used to include 
minerals, rocks, cUmate, etc. 

Natural sdectlon (no^ uraite Ids' sAun). The doctrine that tiirough natural processes 
the fittest individuals are enabled to survive. 

Nantlloid (time' H lotd)* One of the extinct oqdialopods resembling Nautilus. 
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Nautilus (narr^ U lua). An animal beloogiiig to the Cephalopoda, living in a coiled 

shell (iu iili'd into chambers. 

Neanderthal man (na akn' tier tahi). A man-like being whuae remains have been 

found in various plaoM in Ettiope. 
HMator (m ka' <er). Hie gsemis cl rotindwonna to whidb the hookwonn beloogs. 
Noetoealyx {nO^toWUht) (pL, n«ctoca|feoa» ndt^tokarUatnh One of the swim- 
- ming members of a siphonophoreeolony. 
Rectonis {nek tu' nu), A genus of salamanders ; the mud-puppies. 

Nemathelminthes (riem' a thi l min' theez). The phylum of roundwonns and their 

?i!li<^ Fnr dpfinition sec Chapter XII. 

Nematocyst inem' a to sist). One of the stinging bodies of Hydra and other coelen- 

teratog. 

Nematode {tietn' a tode). Any roundworm of tlie class Nematoda, phylum Neniatiiel- 

HematOTiotplia {nem* atovw' fa). A group of worm-like animals of uncertam 
affinities. They have usually been doubtfully ineluded in the Nemathelminthes. 

For definition see Chapter XII. 

Nemertean {nc mer' te an). Pertaining to the Xemertinea. 

Nemertinea inem' er tin' e a). A group of worm-like animals of uncertain relation- 
ships. They are r^arded by some as a class of Platyhelminthes. For definition 
see Chapter XII. 

Nephiidtem (nefrid^ium), An exeretory organ of certain invertebrate animals 
(wormsi molluaks, ete.), approximately corresponding in function to the kidnQr 
<rf vertebrates. It is commonly a coiled tube, as in the earthworm. 

Nephrostome (nef ro sUme). The opening at tfie inner end of ii nephridium as in 
the earthworm. Also an opening (orifiinally like Ihat in the cjirt liworni) con- 
necting the ccelom with the blood vessels of the kidney in certain Amphibia. 

Nereis {ne' re is). A genus of marine wuriiis, phylum Aimelida. 

Neritina (ner' i ti' na) . A genus of snails. 

Hffeive (nerv). A bundle of axons or dendrites of n«rve cells or of both axons and 
dendrites. 

Nervoos tissue {ner' vua tish* u). Tissue capable of transmitting impulses; as the 

tissues of the brain, spinal cord and v^ervv^^ 
Net-knot {net' not) . A thickened portion of the chromatin of a cell nucleus. 

Neural arch (nu' nd arch'). That part of a vertebra above the centrum and neural 

cans.!. 

Neural canal {nu' rcU ka nal'). The ox)ening in a vertebra through which the spinal 
cord extends. 

neiupsl crest (nu' ral knat). One of a number of groups of cdls at the sides of the 
brain and qunal cord of an embryo^ from which g^ngK*. and nerves are developed. 

Neural fold (nu' ralfcid^* One of the ridges of ectoderm forming the earliest devetop- 

ment of the nervous system. 

Neural groove {nu' nil groov'h An elongated depression between the neural folds of an 

embryo. 

Neural spine in a' ral spine'). A projection rising from the middle of the neural arch 

of a vertebra. 

Neural tube (mi' ral ttUte'). The tube formed beneath the ectoderm by the union 
of the neural folds along thdr cvesta» 
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Neugo a i tt ic i il M ' (n«' ro miM' Jbu (er). Combiniiig the functions of eonlnetion and the 
tranamiiwion of impulaes. 

Keuzoa (nit' nm$)* A nerve ecU. 

NitellA {ni id' to). A genua of aquatic plants. 

KooMadatore (no' men Aibi' lure). A system of naming; tenninology. 

Nostril (not' tril). One of the external opemngs of the nasal chamber. 

Notochord {no' to kord). A cylindrical rod of cells beneath the nervous system of an 

enibrv (> (adult of some animals). It is the fore-runner of the spinal column of the 

vt i It ljnit<' iuiimnls. 

Notophthalmus (rw/ lof thai' mus). A genus of salamanders. 
Nototxema (no' lu tre' ma). A genus of frogs. 

Nuchal plate (nu' kal). In turtles, the median plut« of the carapace at the anterior 
end. 

Nuclear membnuio (nu' Us or mem' ftmne). A thin film of protoplasm surrounding 
the nucleus of a odl. * 

Nuclear sap (nu' kle ar sap^). Tlic liquid forming the bulk of the nucleus of a cell. 

Nucletn ' m/ kh in). One uf i\ number of protein compounds involving nucleic aeidt 

found in uhundance in c-cll nuclei. 

Nucleolus {nu kle' o lus). A small, usually rounded bo<iy found in the nuclei of many 
cells, which of ditTcrent chemical composition from the rest of the nucleus, its 
function is unoertain. 

Nucleus (n«' kle ue). A highly refractive, deeply staining body <tf specialised proto- 
plasm found within nearly all cells. 

Obelia (o Ite' lia). A genu:: hydroids, or columai iiydru-like animals of the phylum 
CScalenterata. 

Octopus (jak* to pus). A genus of devilfidies (molluaks) having eight arms. 
OanodMfa (e' no <Ae' m). A genus of plants to which the evening primroses belong. 

Oken, Lorent (o' ibsn). German naturalist and transcendentalist philospher, 1779- 

1851. 

Oleic (o le' ik). A fatty acid entering into the composition of olive oil. 
Olfactory (ol fak' to ri). Pertaining to the sense of smell. 

OHgocene {ol' i go seen ) . Of rarly Tcrtiar\' time, betwet-n Eocene and Miocene. 

Oligochaeta (o^' i go ke' ta ). A suhclass of Chaatopoda ^ Annelida i, includinn chiefly 
terrestrial and frciihvvat«r worms with relatively few seta; which do not rest on 
fleshy outgrowths, but project directly from the body wall. The earthworm is an 
example. 

Oi^diophora {on' i iutf o ra), A class of primitive Arthropoda having tracheae and 

one pair of antenna;. Peripatus is an example, 
oocyte (o' o sile). A female germ cell subsequent to the initiation of maturation and 

prior to the second maturation division. An oocyte is designated primary during 

the growth period and prior to the first divisifm; secondary after the first 

division and before the second. 
OOganosia (4/ ojtn' e sis). The maturation of female germ cells. 
OQgonium (o' o go* ni urn) . (hie of the early germ celto of a female animal, prior to the 

beginning of maturation, 
oosperm (</ o sperm). A fertilised ovum ; a term usualiy applied to plants rather than 

auimala. 
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08tid (o' o H/f). A mnfuiT' f^fr-^; ♦l,.|t is, an cf^ m soon as flif Ino!* niaftirntinn division 
is coniplt'ti'. 'i'he term is sclUojii used, except in coui|xiriiM>a with the spermatid 
in the male. 

OOtype (o' o tipe). An organ in which, in certain fltttwonus, the uva arc surruunded 
by nutritive matmnl and encloeed in a ahdl. 

Opalina lananim (o' paW nara na' rum). A apeciea of paradtie infuaorian found 
in the intestine of the frQ0. 

Operculum (o per* ku hm)» A fold of skin covering the gills and gill clefts in some 

amphibian larvao; also a simihir covering of the gills in fishes. 

Ophiuroidea (o' fi n rni' dc n). A class of Echinodermata, comprising the brittle- 
stars. For (h'firiition st'r Cliupter XII. 

Ophthalmozoa {of thai' mo zo' a). A group of animals (literally eye animals) in 
Oken's early classification. Hie term was synuuyiuous with Thricosoa, and com- 
prised the mammals. 

Opisthocoelous in jyus tho ase' huf)* living die oentnia eoneave behind and convex 

in front ; said of vertebne. 
Optic nerve (o// tik nerv')» The ncrv'P of sight. 

Order ^nr' <l< r^. A j^roiip of animals forming a sobdiviBUMl of a class, and being 

cnni pnsL'd of one or niun- families. 

Onloviciaii i^ur' do vish' uri}. Of early Paleozoic time, succeedinj^ the C'amhri.'in. 

Organ u>r' gan). A group of cells or tissues perlorming somo spt>cifie fiinetion. 

Organelle {or' gan el'), A minute organ, a term often applied to the organs of Proto- 
soa. 

Organism (or' f/an is'm). A living boing* whether plant or animal. 
Oifanegeiij (or' ga na^' e nt). Hie embryonie origin of organs. 
Orgsnelogy (oK pan el' o jt)* A study or deseriptton of orj^ns. 
Omilliotogy (oK nt f Aol' o/t). The sofilogy of birds. 

Ordiippns (o' ro kip* pus). One of the earliost known aneestom of the horse, an 

animal of Eocene time in North America. 
Orthoceras {or Ihos' er as). A genus of extinct ccphalopods of the orthocone type. 
Orthocone {or' tho kone). One of the early cephalopoda that lived in aatrai^t shell. 
Orthogenesis (nr' (hojcn* c ais). The repeated chnnpe of Hpocies in the name direction 

due to internal fuetors, and resulting ui (^volution in a "straight line.'' 

Osmosis {oz mo' itis). The passage of fluids through membranes, due to tlieir tendency 
to mix. 

Osmotic pressure (osmof'tft}, A piesaiire exerted in a solution by the dissolved 
substance. 

Otozoa in' to zo' a). A group of animals (literally, the ear animiila) in Oken's early 

classification. It comprised the birds. 
Ovary f n' va ri). The oiigan in which the immature germ cells of a female animal are 

Over-growlh (a' vtr groih). 'The growth of a layer of cell.s over underlying cells. 

Ovicell (</ vi sel). An individual of Bugiiia which serves as a receptacle for the fertil- 
ised egg. 

Oviduct {ffti ditisl}. A tube through which the cggn of a female animal leave the 
ovary. 

O vipaiity {</ vi par' i K). The condition of being oviparous. 
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Oviikarous (o tnp' a rm). Egg-laying. 
Oviposition (o' vi po zUk' un). Tlie laying of eggs. 

Ovisac {o' vi mk). A r1)ani!)or for the s-torage oi eggfi, bdttg in 8ome CMOS a lateral 

pouch of the ovitluri , as in t he cartliworm. 

Ovoviviparity (o' vo fir' i par' i ti). The condition of being ovovivipanms. 

Ovoviviparous {o' vo vi vip' a rua) . Producing young from eggM that arc retained in 
the oviduct during thdr development, but without attachment to the oviduct, and 
wholly from nutrition atored in the egg. 

Ovum (»' mm). An egg; a relativdy large paoBive eell which, in preparation for repro- 
duction, has undergone one or two maturation divisions. 

Oxidation {oka' i da' shun). The chemical process of combining with oxygen. 

Oxyhemoglobin ioha' i he' mo ffio* 6in}. Hemoglobin in combination with a certain 

amount (»f oxygen. 

Oxytricha {oka it' ri ka). A genus of i ili; ti l Protozoa. 

Pedogenesis (jte' do jen' e /tut). Sc,\ual nmturity in an animal othcrwi.se miniature; 
the capability possessed by some species of reproducing while in the larval condi* 
tion. 

Pakeomastodon {pa' leo mas' to don). A genus of extinct animals belonging to the 

elephant anc estry, found in the Oligocene of Bigypt and India. 

Paleobotany - hot' a The paleontology of plants. 

Paleontology {jxi ic on Ud' oji). The science which treats of prehistoric life on the 
earth, now r^resented by fossils. 

PtfeoMie (po' le o so' <k), Pertaining to the geological era prior to the Mesosoic, when 
Amphibta,fishes, and the hi^er invertebrates were the dominant forms. 

Patoozonogy (po' Uotod' oji). The science whtoh deals with prehistoric animals. 

Palimmia (pal' t mi' rue). A gsnus of crayfishes. 

Palmitic (pal mif ik). One of the ver>' common fatty acids. 

Pancreas (pan' kre rm). A gland which secretes a fluid contaim'ng several digestive 

f'nzynies and discharges into the intestine. 

Pandorina (pan' do ri' na). A genus of colonial HMKellate organisms in whicli the rells 
arc held in a spheroidal jelly-like mass. P, morum \^nw' rum) is one of tlie specie-s. 

Pangenesis (pan jen' e itis). The theory that cells of an animal give off minute bodies 

which GoUeet in tiie germ cells and later insure inheritance of patental qualities. 
Panwpa (pa ner^ pa). A genus of insects including certam scorpion-flies. 
PapHio (pa pit' i o). A genus of butterflies; the swallow-twls. 
Paiameciiim (par' a me^ thi urn). A genus of ciliated Protosoa. 

Pafamslum (parom'i lum). A substance related to starch, produced by certain 
green organisms. 

Parapodtum (par' n po' di um). A fleshy lateral protrusion on the segments of some 

wonna; it Itears tlie .sct.i*. 

Parasite (par' a mte). An animal which lives in or on another species of animal 

(its host), at the expense of the latter, 
Pafusitism {par^ a H fir'm). The ecmditioa of bei ng a parasite. 
ParaAyroid (par' a Mi' rsjrf). One of several small glandular bodies associated 

with the thyroid. 

Parenchyma (pa ren^ M ma). A loose spongy tissue found in certain low animals. 
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Pluietal bone (pa ri^eUU). One of a pair of bones on the posterior upper part of the 
skull of vertebrate animals. 

Pamkeet (par' ra keel). One of a number of small parrots. 

Farthenogeneala {par' (he no jtn' e tia). The developmeat of an egg without f ertiliia- 

tion. 

Parthenogonidia {{xir' the no yo nid' i a). The ascxualiy repruducuig cells of Volvox. 
Pasteur, Louis {paster'). Fruuch chemist and Ijactoriologist, 1822-1895. 
Paternal <jm (er* nal). Pertaining to (jr derived from the father. 
Pecten {pck' ten}. A genus uf bivalve luullusks. 

Pectoral girdle ipek' to ral ger' d'l). A group of connected bones serving to attach 
the biuieB of tlie fore limbs of vertebrate aaunals to the rest of the fdceletom. 

Pdagic (pe Us), Ftertaiiiiiig to the open waAer of a bke or ocean, not near the 
shore nor far below the surface. 

Pdecypoda (pel' e sip' oda). A class of Mollusca having bivalve diells and a bilobed 
mantle; the clams and mussels. 

Pellicle ( pd' a fc7). A thin skin or film on the surface of a cell. 

Pelomedusid« {pel' o rne du' si dee). A family of turtles. 

Pelvic girdle ipel' mk ger* d'l). A group of hone.s serving to join the bones ol the hind 
limbs of vertebrate auimaLs to the rest uf the skeletou. 

Penis ipe' nis). The copulatory organ in the male of many animals. 

Pen t adac t yl (pen' ta dal^ lit). Having five fingers or toes. 

Penttnerons (pen tarn* «r ut). Five>parted, or arranged in groups of five. 

Pepsin {pep* rin). An ensyme of the stomaeh of votebrate animals, whose function 

is digestion of many kinds of proteins. 
Pepsinogen (pep ein' ojen). An inactive subetance from which the ensyme pepein is 

derived. 

Peptic (pep' tik). Of the nature of pepsin ; said of proteolytic ensjrmes that act in an 

acid medium. 

Peptone [jtep' tone). Any of a number of substances, derived by hydrolysis from 

proteins, which are not precipitated by ammonium sulphate. 
Peranema (per* a n«' tna). A genus of colorless flsgeUate Protoioa. 
Pericardiwn (per' i bar' di «m). The membranous sac enclosing the heart. 
Periodic (pe' ri cd' He). Occurring at rather regular intervals; said of migration which 

depends on the seasons or on the age of the migrathog animals. 
Peiipatus (pe rip' a tua). A genus of arthropods with elongated wormlike bodies, 

belonging to the class Onychophora. 

Perisarc (per' i »ark). The tough sheath surrounding the stalk and branches d a 

hydroid. 

Peristalsis (per' i stal' wis). The rhythmical contraction of the walls of the intestine. 
Peritoneum '(per' i to ne' urn). A sheet of cells covering the viscera and xxniag ihc 

body cavity in many animals. 
Psfi^sceta! (per ' i vie' eer ol). Around the viscera, or organs contained in various 

body cavities. 

Permeable (per* me a VI), Permitting the passage of both liquids and dissolved 

substances. 

Permian (per' mi an). Belonging to the close of the Carboniferous age. 

Petrifaction (pel' ri fak' .sh u n ) . T\ic substitution of mineral matter for organic mattei 
in the remains of animals or plants. 

« 
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Phalanx ^a' iank») (p/., phalanges, fa lan'jeet). Any ono of the bones of the fingers 

or toe« in vertebrate animals. 

Pharynx (Jar' itUcs). In an earthworm, the thick-wallcd portion «if the digestive 
iraei just posterior to the buccal pouch and in front of the esophagus. In yerte> 
brates, the portion of the dtgettive tract at the back of the mouth, into which the 
gill clefts open. 

Hioronidea ( fn' nid' e a) . A snmll proiip of mnrine animals, of whieli Phtinitiis i^^ 
the f)n!y g(>nus, of uncertain relationship to other animals. Sometimes placed iu 
a phylum with the Bryozuu and Brachiopoda. 

Pbotosynthesis (/»' to sin' the sis). The construction of carbohydralea from carbon 
dioxide and water by the energy of sunlight in tiic presence of chlorophyll. 

Fhototois (ft/ io Utk&^ it), A response to 1i|^t. 

Fhototropiam (fotof n piz* m). The response of an organism to light. 

Phyliim {J^ him). One of a dosen or more major groups into which the animal king« 
dom is divided; in general, the largest group of which it can be siud that the 

members are related. 

Physalia {Ji sa' li a). A ver>' complex colonial rrx^lenterate. one of the siplionophores. 
Physiology (fiz' i oV n ji). Tbf br-iTM>!i (»f ImoIoj^v which deals with the functions 

of nnirnals and plants, utui the pi uc**fi.se.s ^nitin on in them. 

Phytogeography (Ji' tojeoff rafi). The science of the geographical distribution of 

p!ants. 

Pineal body {pin' e al). A structure on the d«>i'»al side of the i)rttin in vertebrate 
animals. Because of its similarity, in deyelopment, to the embryonic stages of an 
eye, it is dttm called the pineal sye, and is believed by many to be a vestigial sense 

organ. 

Pinna (pin' na). A genus of bivalvi- molhrsks. 

PinntUe ipin' vie). A small feather-like or laterally lobcd division or part. 
Pinus ipi' nus). A genus of coniferous trees including the pines. 

Pisces (/n ' s-rrz). A class of vertebrate animals including the fishes. For definition 

see Chapter XII. 

Piscivore ;ns' si vare), A fitth-eating animal. 

Pithecanthropus ipHh' e han' thro ims). Au extinct ape-like and man-like animal 
believed to stand in the early ancestry of man. 

Pitiiitary {pi tu' i la ri). A giuuduiar organ beneath the bram composed in part of 
nervous tissue. 

Placenta (pto tn* to). A vascular tissue dove-tailtng into the wall of the uterus 
on one side and connected with the umbilical cord on the other, thus forming an 
intimate nutritive connection between the embrjro and the mother in viviparous 

animals. 

Planaria ipUi n<i' ri a). A ^enus of Hat worms, phylum Platyhulmiuthes. 
Planorbis ( pl'i nor' Irus) . A genus of snails. 

Planula (p/an' u la). A cibated larva cousistmg of a solid ellipsoidal mass of ceils, 
developed from the fertilised egg of a medusa or mmilar organism . 

Plasmodium {plaz mo' dt urn). The naked mas» of protoplasm cont^iinuig many 
nuclei, formed by the fusion of many amoeboid cells in the Myxomycetes. 

Plasmdyse (pfos' mo Kse). To withdraw water from (a cell) by placing in solutions 
of higher osmotic pressure. 
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Flaitld (pIm' Md). One of several kinds of protoplaaniio bodies in od^ 13^ 

bodies in plant oella^ which are centers of ehemiealaetiHrity. 
Plastron (plos' Iron), Tba flat pUte of bones on the central side cf a tuitle. 

Plato ivla' to). A Greek philosopher, pupil of Socrates and teacher of Arisiotle. 

Lived about 427-347 B.C. 

Flatyhelminthes {jtlaif i hel min' (Aaee). The phylum of flatwonns. For definition 
sec Chapter XI L 

Pleistocene (plise* to itecn). Belonging to the eporli following the Tertiary. 

Pieodorina {pk' odori' na). A minute spherical organism compomi of cells of two 
sises embedded in a jelly'liko substance. P. califtenlca ijkal' ifvt' ni iba),with 
num«N>us small cells; P. iUinotssiials (U* Unoizm' au)f with four small cells. 

PleflukUMi ipUlh' o don). A genus of salamandera* 

PUay (pUn*%). Roman naturalist C33*79 a.i>.) and author of works on natural 

history. 

Pliocene ipli' o seen). Pertaining to the most recent epoch of Tertiary time. 

FUohippus (pW ohip' pus). An extinct animal of Pliocene time, closely resembling 

the horse. 

Pneumatophore (nu^ ma to Jure). A capsule enclosing ga.'^, serving to float a siphouo- 
phore colony. 

Pbehcotteflnm (po' « 6ro Ih^ ri urn). A genus of ectinet animals resembling camels, 

recovered fnun the lower (Nigoeene. 
Polar body {po' Utr hod' i). A small non-functional cell, one of the two cells produced 

by each division in the maturation of an egg. 
Polarity {pr> Inr' i ti). T\\e condition of exhibiting or possessing different propertifvs in 
different parts; the condition of a ceil in which the protoplasm is unlike in different 
parts of the cell. 

Pole (pole). A differentiated part or extremityi as of an egg, or of the spmdle of a 

dividing cell. 
PoBstea (po UtT faee). A genus of wasps. 

Polyehaftt (petik^Ut). A subclass of Cha^topoda (Annelida) including those 
marine worms having numfnins HPtrp borne on fleshy outgrowths at the sides of the 
•somites. Nereis, the aaad-worm, is an example. 

Polygyra ipol' i ji' rn). A genus of land .snails. 

Polymorphic (pol' i mm' Jik). Having a variety of forms. 

Polymorphism {pol' i mor* fiz'm). The existence of two or more kinds of individual 

within a qiecies. 
PelTordiis (pof' ioit^kU), A genus of jellyfishes. 

Polyp (pol' ip). One of the feeding individuals of a hydroid or coral colony or simple 
related form. 

Polypeptide {pel' i pep' iid). A eompotind formed by the union of two or more 

nioKunilcs of amino-acids with the loss of water. 

Polystomella i sto mel' la). A genus of rhizopod Protozoa possessing a perforated 
shell. 

Poreellio (por td' H o). A gsous of sow-bugs (Isopoda, Crustacea). 

Porifera {porter a). The phylum of animals comprising the sponges. For defini- 
tion see. Chapter XII. 

Porocyte (po' ro Kite). A contractile cell in sponges, whose function is the contraction 
and expansion of the water pores. 
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Pofpoise (par' pus). An aquatic mammal closely allied to the whales and dolphina. 

Poteriocetas (po ie'rio^ er at). A geuus of nctmct oef»halopodA of the gomphoo«ran 

( ype. 

Precocia! (';/re ko' xha!). Abl<' to nin about as soon as hatrhod; sjiid of oprtain birds. 

Precoracoid {pre ko' m kmtl). A vont rally tjituated bono or cartilage of the pec- 
toral girdle in Amphibia and some reptiles. 

Primaiy (pn'man). For application to sxKjnuatucytcs, see spermatocyte. For 
appUoationto oocytcii, sec ottcyte. 

Primate (pn" male). A mammal of the order including man and the ape-like animals. 
Mority, Law of (pri or' i ft*). The rule that the name first given a species along with 
a description is the one that ahall be accepted when <Ufferent names have been 

applied to the same species. 

Proboscis (pro hos' n-j-s). The tnmk nf an eleynlmnt, consisting of the elongated noee 

and upper lip. Also a flesihy projection ot" other aort.s. 

Procoelous (pro see* lim). Havini? the anterior end of the centrum concave, the 
posterior end convex ; said of vertebne. 

Procyon (pro' n on). Hie genus of Garaivora to which the raccoon belongs. 
Proglottis (pro^ta^ HUf) (pi., proglottides, progla^ Hdeet). One of the individuals 

inachain of a tapeworm. 
PMoaba (pro nit' hoi)* A genus of moths some members of which feed on Yucca seeds. 

Ptopliase (pro'/Ms). Any early stage of mitotic cell division, prior to the splitting 

of the chromosomes. 

Prosecretin (prn sc Irrc' fin). A substanoe in the walls ol the small intestine from 

which secretin is produced. 

Prostomium (pro sio' mi urn). A rounded projection overhanging the mouth of an 
earthworm. 

Ftotaiidroiis (pre Ian' drut). Maturing the male germ oeUs before the female cdls; 

said of an hermaphrodite, 
ftotein (pro'tein). One of many organic substances, compounds of amino-acids, 

which therefore contain carbon, liydro^(>n, nitrogen and oxypon and often other 

elements. The moleeuli^ are lar^e and very complex. Lean meat and egg 

a!btimen contain qiiantities of protein.s. 

Proteocephaius [jiro (c o scj' a lus). Ageuu.s of tapewormii. 

Proteolytic (pro' te o IW ik). Protein-splitting. * 

Proteose (pro' te om). Any one of a number of substances, derived from the hydrolysis 
of proteins, whicfar may be precipitated from st^ution with ammonium sulphate. 

Pt ot er w otc (pro' ieroto' ik)» Belonging to the era preceding the Paleosoic. 

Ptotewi (pro' te us). A gentis of salamanders. 

Protogynous (pro Uq' i iMis). Maturing the female germ cells before the male; said of 
hermaphrodites. 

Protonema (pro' to nc' ma). A thread-like growth originating fn»m a Rporeof certain 

plants, m the mos.s<'s, and from which ari.se the leafy sexual .»«li(n)ts. 

Protonephxidium {pro' to fi( frid' i um). A primitive excretory organ consisting of 
flame cells and connecting tubes. 

Protophyta (pro' to fi' ta). One^^elled plants. 

Plcotoplaan (pro' to pla^m). The living mattor of which animals and plants are 
essentially composed. 
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Prototheria {jrrn' to the' ri a) . A .suhclass of ^fammal^a, including the cgg-laying 
mammals such a-s the duekbill Oruithorhynchus and the 8piuy ant-eater Echidna. 

Protozoa {pro' in zn' a). Onr-rrllod animnls. Tho phylum romprtsine the one-celled 
animaU, including colonial forma in which the celh) of ttie colony are, at least poten- 
tUly.aU alike. 

FmoMSlogj (pro^ toMtfi'o/i). The lofllogy of the I^otoioe. 
ProljloptM (pra IC' &» ptnr). Tlie eaclieal known aneestor of the camels. 
Ptoveatricnliti (pro' vm tiHf u The fint diviaion of (he otomach of a bird. 
PMttdaeriBCMtdajIr'rit). K^/saaMfAias^ 

Pteudopodium {vu' do po' di um) (pi., pseudopodla). A blunt finger-like projection 

thrust out by Aniubii litid other rhizopods. 

Psychozoic {si' ko zo* ik) . Prrtai;iiniT tr> the most rccfnt geological time, that in 
which man developed as an intuiii^cnt being; the time following the Cenuioio era. 
PtyaUn ili' a lin). The ainylolitic enzyme of the Raiiva. 

Pubis ipu' bis) {jU., pubes, pu' beet) The anterior one of two ventrally placed hones 
in (he pelvie girdle of vertebnte animals above the fishes. 

Pntmonafy dfoilatlom (pu^ monari ter' ku W sAv a). The eireulation of the blood 
throng (he lungSt as diHtingiiished. from (hat (hnnigh (he body in gmetal 
(systemic). 

Pulmonata (pu^' mo no.* to). An order of air-breathing snails and slugs. 
Pulsating vacuole (pti/' sa tioQ valf u oU) . Same as contractile vacuole. 

Pupa {pM' pa). A quiescent stage in the development of an insect, just before the 

adult condition is reached. 

Purkinje, Jan Evangelists {poor keen* ya). Bohemian physiologist in the Uuivcnuty 
of Prague, 1787-1869. 

Pj^oras (pi U/ rus). The opening from the stomach to (he in(e8(ine. 

Pyrenoid (p» re' ne^O. A small protdn body found enclosed in some cdls. 

^moma (pi* to %Bt aui}. Acolonial tunicatein which (he colony is cylindricalin form. 

Quadiata (Ihood' 4f«ls). One of (he bones of the skull; in birds and reptiles and boqy 

fishes, (he bone from which (he kwor jaw is suqiottded. 
Qoatenuuj (Jtwa tor' no rt). A divMon of CSenosoic time la(er (han (he Tertiary. 

Sace (rose). A group cf individuals having oer(ain eharacteristios in common because 

of common ancestry. 

Radial canal {ra* di nl ka ml*). One of four tubes extending from the middle to the 

margin of a mochusa. 

Radial symmetzy (m' di al sim' me tri). An arrangement of the parts of an olijrct 
or organism such (hat it is c^iable of being divided into halves that are mirrored 
imagea of one another^ by two or more planes all of which pass through acommon 
longitudinal axis. 

Radiating canal (ro' fit at ing ka nal*) One of a scrie." of collecting channels surround- 
ing the pulsating vacuoles of Paramecium ami similar I'njtozna. 

Radio-ulna (ra' di o id' rm Thv fused radius and ulna of fro^is and tonds. 

Radius i ra' di tif). The hvuv ut the lower arm located on the thumb side in Amphibia 
and the higher vertebrates. 

R&na (ra' na). A genuij of frogs. R. pipicns (pip* i em), the common leopard frog. 
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Rnfe (ra^v)- A^ea OMupied by » qvecies or laiger taxoaQoiic grx^up of 
or plants. 

SajTi Jokn (ray). Engliih naturalist, 1627-1706. 
R6aetfani(nioA'«Atiii). AnyreflponMofaaanimaltoaatimului. 
RocapttnlatlMi thooiy (iV Jba pif ' u la' afttm). See Uogenetk lew. 

Receptacula seminie {r«a^ tpUAf uUi9mi' inU), Chainbers in whieh <Mie aninial 

stores sporms received from another. 

Recessive {re Res' ,Hv). Not bfing produced when the Rene for a contrasted dornniant 
character is also present; said of inherited characters that are concealed in hctcro- 
sygotee. 

Reetam (rdb' htm). The terminal portion of the large inteetine in the liighcr verte- 
brates. In vertebrates with a cloaca, the term is sometimes applied to the part of 
the laiige intestine anterior to the cloaca. 

Redi, Francesco (ro' dee). An Italian naturalbt and poet, 162(V-1698. 

Redia (re' din). One of the individtmls in thr lifn cycle of ihr liver fluke Ffisciola 
(and similar form8) which are parthenogcnc t w priHlund by the apomcyst. 

Reduction (re duk' ahun). Cell division in which chromosomes are not split, but nu rri y 
separated from one another after having previously come together in pairs, as 
ooeoiB in one of the two maturation dividons in bisexual rquoduetion. 

Reflex (re' fidut). Same as reflex actioii. 

Reflex action (re'^flfo at' cAwn). An action performed as a result of an impulse 

whieli passes over a reflex arc. It is involuntary and » oftMi pofonned without 

thr PDnsciousnetiS uf the orgnni«ni. 

Reflex arc {re' fleks ark'). A ^m ip of two or more neurons, one of tliem senwry, 
another motor, so connected aj> to be able to transmit impulses resulting in reflex 
actions. 

Regenerstlon {njen* «r a' sAim). The produotton of lost parts by organisms. 
Remsk, Robert {re maW). A German neurologist, 1811^1860. 

Rennin, (ttn'nin). An ensyme produced by the gastrie glands and having the 

property of coagulating milk. 

Reproductinn {r^ pro duk' thun). The formation of new individuds among oigan- 

Reptiiia [rep til' i a). A class of vertebrate animals including the snakes, lizarda, croco- 
diles, turtles, and some others. Fur definition see Chapter XII. 

Respiration (res' pi ra' ahun). The absorption of oxygen by protoplasm. The term 
is sometimes loosely applied also to the forcing of air to and from respiratory organs 
like the lungs, a process more properly called breathing. 

Reticular (re tik' u ler). Of the nature of a network; said of certain forms of proto- 
plasm or cell structure. 

Reticulum (re tik* u Inm). A network. 

RetmR (rcf i no). The sensitive inner layer of the eye of vertebrates and some other 

iiaiai.'ils. 

Retractile {re Irak' til). Capable of being withdrawn. 

RhabdocoBle (ra6' do sseZ)' A flatwonn (Platy helminthes) of the order Rhabdooceiida. 
RhinoKoa {ri* no to' o). A group of animals (literally, nose animals) in Oken's early 

( la-ssificalion. It comprised the rcpUleS. 
Rhizopoda {ri zap' <> <ia). A class of Protozoa haviti^ a form that is changeable 
through the production of pseudopodia; example, Amcuba. 
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Rhynchocephalia {ring' ko tefaf li a). An ordi r or ReptOta, compriaitig only ono 

living form, Sphenodon, of the New Zealand region. 

Rod ent iro' dent) . A gnawing mammal, a member of the order Kodeniia (ratB, mice, 

rabbits, squirrels, ♦■tc ). 

Rotation (ro to' ahun). The movement of the protoplasm of a cell in a contiuuoua 
path, often juat within the cell wall. 

Rotifer (ro' ti/er). An animal bdongmg to the small phylum Rotifera, of miccrtain 
poutioii in the animal seriee. Sometimes called a wheel-animalcule from the 
^ appearance of rotation given by a circle of cilia at one end (tf the body. 

Rotifera (ro lif er a). A group of animals (the rotifers) usually regardetl as a e^parate 
phylum, but of uncertain position in the animal kingdom. For definition see 
Cliapter XII. 

Saccolina {«dk' ku It" na), A degenente enistaoean, rdated to the barnacles, panuitic 

on crabs. 

Sacral {so' kral). Pertaining to the sacrum, the region between the hips. 

Sacrum (wf krum)» A group oi vertebm, more or leas fused, in the region between the 

hips. 

Sagitta {m jit' to), A marine animal of small size, sometimes called the arrow-worm, 
but not a true worm at ail. Its relationship to other animals is obscure. 

Sdientia (so' If en' «A< a). An order of Amphibia including the tailkes forms (frogs, 
toads). 

Saliva (so W tm). The fluid secreted by the salivary glands about the mouth. 

Sallvaij {vA^ivarti, Pertaining to saliva, the fluid secreted into the mouth m 

manunals. 

Salvelinus fontinalis {saV ve li' nus /on' U na' lis), A species uf trout. 
Sarcode («ar' kode). The term first applied to protoplasm by Felix Dujardin. 
Sarcolemma {sar' ko lem' ma) . The membrane surrounding n striated mu.scle cell. 
Sarcoplasm {mr' ko plaz'm). The protoplasm of a stiiateU muscle cell, as distin- 

f?uished from the t'nclu»ed .sHrcvustylcs. 
Sarcostyle {mr^ ko Mile). One of the longituduial Gbrils or contractile t lt*iiit iii.s of a 

Striated muscle celL In it the light and dark bands characteristic of such muscle 

are located. 

S^aphiopus {dm fi' opus). A genus of spade>foot toads. 

Scapbitea (sfec^i' <ees)* A gentis.of eictinct cephalopods of the ammonitic form. 

Scaphopoda {.tkaf op' o da). A class of MoUusca in which the shell and mantle are 

tubular, as in Dcntalium. 

Scapula {skfip' u la). The shoulder blade; a boac of the pectoral girdle, located on ur 

near the dorsal side of the body. 

Schleicher, W. i^^Wi' ner). A German biulugiiit, 

Schleiden, Matthias {shli' den). German botanist, 1804-1881, to whom is often 

attributed a share in the establishment of the cell«theoiy (see Sdnrann). 
Schneider^ C. ishni' dar). A CSennan bidogist. 

Schnltze, Max (shoott^ sa). German biologist and anatomist, 1825-1874. 
Sdiwaim, Theodor (shr'thji"!. German physiologist and anatomist, founder of the celU 

theory-. Lived ISK) 1SS2. 
Sciuridae {H /' ri <h:) . Dm fuiuily of rodents including the iiying-squirjrcls, squirrels, 
luurtuots, and cliipmuuks. 
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Sdurinae (n' u n' nee). The aubfftmily of 8cuurida»oom]>runiig the mwmota, 8quiirel% 

and chipmunks. 

Sciuroxnorplia (si' u ro mtn^Ja). The suborder of rodente comprising the sqaiml- 

Hke forms. 

SciuTUS (n 11* rus). The gonus iiu l i liug (he {irboreal squirrols, 

Scolex {sko' Uks). The "hoad" ur attaching organ from which arc budded off the 
proglottides of a tapeworm eba&n. 

Bcolopendra ifiko' lo pen' dra). A genuH of centipedes. 

S^piM«M (td'fo wo' a). A clasH of Ccrienterata, jetlyfidics of laise sise which have 

no hydroid fonn in the life cjrcle. 
Secondary (sek' und n ri). For application to epamatocjrtes see spsmatQcyte* 

For application to odcytcs, see odcyte. 

Secretin (m- krc' tin). A suhst nnco produced in the small intestine and serving to 

Stimulatu stH;n'ti(>n hy the jwincrea.s. 

Secretion («e kre' shun). The act of producing from the bloo<i or other fluids or 
tabstances in the iMmtoplasm some new matefkl to be tiMd in metabolism. Also 
the new substance thus formed. 

Sedimentary (sed'tmsn'ton). Fnmed from asdiment; said of rodu originally 

deposited under water, and now found in laywB. 
S egm entation {se^ men ia' shun)^ Same as cleavage. 

Segregation {seg' re ga' shun). The separation of I'l'' LT-nes of ii iKnnologous pair at 
the tmic of maturation of tiie germ celb. or at some other time, m thnt each grrm 
cell receives only one member of the pair. tSometimcs applied also to the inde- 
pendent distribution of grasa of different pairs to the germ sella. 

Setf-ferlOise (•0^/sr' H Itse). To fertilise the eggs cf an individual by sperms of the 
same individtta]. 

Semi-drcolar canal {sem' i wr* kuler ka nal*). One of seven! curved tubes forming 

part of the inner division of the ear in vprtohratcs. 

Seminal receptacle (xem' i nal re nep' Ui k'l). An organ in a female animal for the 

reception and storage of spermatozoa from the male. 

Seminal vesicle («em' i nal t««' t k'l). One of several bodies closely connected 

with the testae in the earthworm, in which a large part of the development of the 

spermatoioa takes place. Also, an enlargement in the vas deferens or similar duct 

in which sperms may be stored in various animals. 
Setni-p^rmeable (xem' i fter' me a bU). Ponnitting the passage of solvents but 

preveuLing t lie passage of dissolved «uh.staru es. 
Sensoty (sen' so ri). Pertaining to f4en9ation ; applied to a neuron which transiuiu an 

impulse resulting in stuisation, or by extension to any other receiving neuron 

whether concerned with sensation or not. 
Sepia (se' pi a). A genus of euttlefiflhes (molludui) from which certain black inks are 

derived. Also the bbdc substanoe produced by these cuttleBshes. 
Septum (fep'lwm). A partition. 

Sessile (sea' sU) Attarlied (iiredly, a.s distiiiKuisbed fpom stalked. Sometimes, 

also, attarhed.as di>''n[riKslied from free-Uvmn. 
Seta iae' ta) ipl., setae, .-ic' let:). A -^jjiiie: specifically, one of the spines projecting 

from the »omitPw of an earthworin und used fur iucomotion. 
Scverino, Marco Aurelio er ee' no), Italian physician, professor in University of 

Xaplcs, 1^1066. 
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te-Unked {rnktrUuM). Anodated with m; nid of hcradHaiy ehMaeten that an 
inherited unequBlly hj tlie two eexee. 

Sezuil {neks' u al). Involying fbe production of true gorm cells, or the fusion of nu- 
cloi ; tiaid oC raproduotion, or of an individual empbyiag eueh a mode of raproduc- 

t!f:rn . 

Sexual selection {neks' u al ne lek' shun). The mipposetl prrforenco of animals of on« 
8ex for certain qualitied in the other sex, leading to the pretiervatiuu uf thoae quali- 
tiee in later generatioaa. 

Shod (Me), A eballow plaoe in a body of watw; also a sandbank or bar which makes 

the water shallow* 
Siagonodon (si' a gon' o don), A genus of snakp.s. 

Silica {ail' i ka). Silicon dioxide, the matorial of common quartz. 

Siltirian (.n lu' ri an). Of middln Paloo/'nic tinio, bctwfpn Ordovirian and Devonian. 

Siphon (.«' fan). A passageway for currents of water; as the rlcfts t^otween the 
halves of the mantle of mussels where the edges do not meet, or the tube on the 
vciitnd side of a squid or cutUefish. 

Sphonopliofa («i'/o o ra). An ozder of Hydrosoa (Gcelenteista)^ the members 
of which form high^ polymorphic colonies (s.f Fhysalia, the Portuguese man-of- 
war). 

Stidionope (st'/o nops). A genus of ccBoilians (Apoda, Amphibia). 

Siren (.n' ren). A genus of salamanders. 

Sistrurus (s-i.i tm' rm). A genus of snakes; the massasauga. 

Slime tube {.^ime' tube'). A siieatli of muQOUS material secreted on the surface of an 

earthwunn at the time of mating. 

Small intestine (smawl' in leu' tin). That, part uf the intestine of vertebrates iuau»- 
diately following the stomach, as «<M*.ii>giiMhA/i fson the large intestine. 

Smoodi mvsde {mooth), Muide composed of non-striated, uninucleate, ipindlo- 
shaped oells. It is common in the uitestine, bladder and ghmds of ▼ertebrates. 

Selanum (w la' num). A genus of plants including the comm<m potato, nightshade, 

and many others. 

Solen ( w' len) . A genus of razor-shell clams. 
Solute (so lute'). A dissolved suh.starirr . 

Solution (.■•<f> lu' shun ) . A liquid containing another substance in the form of particles 

not greater tliau molecules in size. 

Solvent {«ol' oerU). A liquid in which another substance is, or may be, dissolved. 

Somatic (so mat* ik). Pertaining to the body; when applied to oelb, referring to the 
sterile body celb in contrast to the germ cdls which are reproductive. 

Somite (so' mite). One <tf the segments into which the body of a worm or arthropod 
or other s^mented animal is divided. 

Spallanzani, Lassro {tpaiU' lahn dtah' ne), Italian naturalist and physiologist, 

1729-1799. 

Specialization {.'ifte.sh' al i za' shun). Emphasis upon one or a few functions, though 

not necessarily to the exclui^ion of others. 

Species {spc' sheez) (p/., species). A group of animals or plants so nearly alike that, 
in general, they might have sprung from the same parents. (The term is rather 
arbitrarily used, however). 

Spo^e (spe si/' ik). Pertaining to a qieeiea. 

Sperm (cpsrm). One of the male germ cdls In an animal or plant. 
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Spttmaducal pore {sjter' madu* kfd potnT), One of the two prominont openings 
through which sprrtnatfi/on i'^snr from th(^ f»Hrf hw»»rrn and .similar oatmals. In 
tlif common cnrtliwonn \\\fy ^rc situated on the fiftocnth metamere. 

Spermary '•-•/xr' ma n \ . See testis. 

Spermatheca [sjKr' nui tin ' ka). Sec seminal receptacle. 

Spermatid {s per' ma lid). One of the two cella formed by the second maturation 
dtvitton of the male gmn cells. By tnuwfofmation in Bhape the spennfttids be* 
come mature Bpermatosoa. 

Spermato^e (•per' ma to tiU). A male gcnn cell between the beguminK of matura- 

tii)n and the second maturation divison. A spermatocyte is called primary 
during the growth period nnd prior to the first maturation division; secondaxy 
after the first division hut prior to the second. 

Spermatogenesis [spcr' nux iujen'esis). The iiKitui.ui.ia of male germ cells. 

Spermatogomum (sper' nui to go' ni um) {pi., spermatogonia). One of the early 
gprm cellB of a male animal, prior to the beginning of maturation. 

Spermatopliore ifper' ma to/ore). A mass of spermatozoa, aometimee resting upon 
a stalk or bdng otherwise attached, as in some salamanders. 

Spennatozo5n (•p«r' ma fo zo^ m) (jiL, ^eniMtoioa). The male germ cell in 

animals. 

Spermophile isjtrr' ino file). A common term applied to several of the ground- 

b()uirrcU and gophers. 

Sphenodon (afcn' o don). A genus of reptiles of the order Khynchocephaliji. But one 

living species is known. 
Sphwoid irf^ raid). Of nearly spherical shape. 

Spiode {gpik^ ule). A body of various shapes commonly of calcareous or siliceous 

matwiid, fonning part of the skeleton of a sponge. 
Spinal cord (apt' mi/ kord'). That part of the central nervous system of vertebrate 

animals lying behind the brain and largely enclosed in a channel in the vcrtcbrtB. 
Spindle {Hpin' d'h. A cninp of structures rcMcmbling threads, in the form of aspindle, 

formed in (lie rytuplitsui of a cell during mitosis. 

Spiracle («/n' ra k'l). In frog tadpoles, an opening tijr<»ugh which water posaes 
out of the gill chamber on one side. In insects, one of a number of openings on the 
ndes of the body through which wr is introduced to the trachen.« 

Spireme (spi' rre m 1 . The coOed or tangled thread formed by the chromatin network 
of a cell prior to division. 

Splanchnic nerves (cplan^ ni/s). Three nerves from the thoracic sympathetic 

■j'Uinliun. 

Splint {splint). A bone at either side of the foot of the horse and some of its relattvw, 
being the remnant of a lost toe. 

Spongin {spun' jiti). The homy material of the skeleton of the bath sponges. 

Spootaneous generation {.fpim ta' netujen' e ra' thun). Same as abiogenesit. 

Sporadic («po rwf' t'ib). Occurring at irregular intervals, often without apparent 
reason ; nud of migration of animals. 

Spore («por«). One of a great variety of reproductive cclb usually having protective 
coverings. Oft«n the term Is Vmiitcd to asexual rei)ro<luct!\ « rrlls. Tin* word is 
often compounded wit li quahfynig prehxes, or pnM-cdM h\ (lu.ilil \ ;i<lj( rtives. 

Sporocyst {s]>o' ro nifit). The bag-like individual into which the mirucidium of the 
liver fluke develops in u snail as host. 
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Sporophyte {hih/ m fUe). The njw>Tiial generation of certain plants; ao called because 

it r('pro<luc»'H by nieiiiis of spores. 

Sporosac. ro mk). An uburtivc medutia. iis in Ilydrttftiniji. 

Sporozoa («|n>' ro to' a). A class of Protozoa, parasites usually without locomotor 
organs or moutii. 

SpQCOBolte (spo' ro so' iU), One of the minute csells contained in the cysts of Cooadmm 
aehiibergi and similar parasites. These cells escape when the (^st is swallowed by 
the host. 

Sporulation {spor* u la* iihun). The formation of sixjres; fW)motime8appH('<l to multiple 
division of the nucliMiH foUuwed by fragmentation of the cytoplasm, which occurs 
in the spore-fonnation of certain species. 

Squamosal {akxva mo' stU). A bone of the postero-lateral region of the skull of verte- 
brates. In the mammals it suqiends the lower jaw, but not in the other y»t^ 
brates. 

Sqnamoua epillieliiim itkuo' mtif ). Epithdium whose cells are low and flat. 

Stntebkit {dot e Ma«<)* A gemmule-like body by means of which many Bijosoa 

reproduce asexually. 

Stespsin (-"tf np' Mti). The fat-sp!itting rnzymo of the pancreatic fluid. 
Stearic (s/^ nr' ik). One of the very common fatty acids. 

Stegocephali Ulctf o sef n li). A grotip of extinct nrmored Amphibia of huge aizc. 

Stegodon {steg' o don). A genus of extinct animals, ancestral to the elephants, from 
the PUocene of southern Asia. 

Stag osavrvs isteg' o sots' rus). A genua of dinossnrs bearing rows of plates set 

▼erkically on the back; belonging to Jurassic and Gomanchian Ume. 
Stejneger {$H* ne get), A living American herpetologist. 
Stentor (stcn' lor); A genus of ciliated Pkotosoa. 

Stemum {tier' mm). The breast bone; presmt in most vertebrates except fishes 

and some reptiles. 

Stigma ( f'?'?' ?'r/fV A pigment spot in certain unicclhilar organisms, sometimr«^ 
regarded as light-perceptive. Also, the part of the pistil of a tlower which receives 
the pollen. 

Stimulus {Him^uhu), A change in the environment or some internal condition 
which produces a reaction in an orgimism. 

StoOMdi (sfiim' ak). An enlargement in the anterior part of the digestive tract of 
many animals; certain phasee of the digestion of food occur there. 

Stomodeeum (sio' mode' u>n). That part of the mouth which originates from an 

invagination of the ectoderm. 

Stratified (strat' ifide). Arranged in strata or layers; said of epithelia, geological 

deposits, etc. 

Stratum {alra' turn) {pi., strata). A layer; specificially, a layer of sedimentary rock. 

Siffttnm comeum {slra' Item hor^ fi« urn). The thin outermost layer of oelb in the 
skin of certain animals (as the frog). 

Striated muscle (tlri* a ted). Muscle composed of cylindrical, cro8»*band(Hl, multinu- 
cleate cells (except in thf heart). Skeletal muscles in vertebrates are of this kind. 

Striation {ittri a* ahun). A stripe: rt^« fbc 'TOH'^-lines of voluntary mtisc!r cells. 

Structural formula (ntmk' tu ml for' rnu la). A formula dcj^i^ned to show the arrange- 
ment of atoms in the molecule of a chemical substance. Also called grapliic 
formula. 
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Stylonychia {sW lo nik' ia). A genus of ciliated Protoioa. 

Sub-epithelial cells imh' cp i the' J>' n'y In Hydra, Tounded cells lodged among the 

epithctinl ccWh, often near tlic l)u.-^ ol (hi* la(t(»r. 
Sub-umbrella ifmh' urn hrd' la). Thv conoavf* sido of a medusa. 

Succus entericus {suk* kus en ier* % kus). The fluid secreted by the small 

intt'stiue. 

Sucker {auk' er). An uttaching organ beneath the head of a frog tadpole; a similar 
organ on "head" or aoolex of a tapeworm colony; abo the attaching organ 
of leecheB* 

Stwtorla i»uk to' ri a), A subclaeB of Infusoria which bear no cilia when adult, but 
have tube-tike tentacles. 

Sustentathre (»us ten' la iw). Supporting; applied to connective tiaiue and other 

supporting tissue!*. 

Suture (su' lure). The line of junction between a septum of a cephalopod shell and 
the outer wall of the shell. Also the immovable joint between two flattened bones, 
aa those of the skull. 

Swammerdam, Jan (siooAm' msr dakm), Dutch naturalist, anatomist snd entomolo- 
gist, 1637-im 

Swinmeret (sutm" mer ei). One of a number of branched appendages beneath the ab- 
domen of a crayfish. 

Syllis nunosa ' ? v lu ra mo' $a). A species of marine anneUd worm which produces 

Colonies by l>uddinn. 

Symbiosis {sim' bi o' sin). The association of two species of animal for their mutual 
benefit. 

Symbiote {nm'bioU), An animal whklt lives in a agrmlMQilo rdationship with 

another q>ecies; called also iymbiont. 
Sjrmblotic («fm' hi of ik). Of the nature of symbloBis. 

Symmetrical (xim metf ri hat). Of a form that may be <Hvided by a line or pkne into 

two parts which are mirrored images of each other. 

Symmetry (sini' mc tri). Tlio stat« of being symmetrical. 

Sympathetic nervous system {/tim' pathel'ik). Two longitudinal nerve cords and 

associated ganglia in the dorsal region of vertebrates. 
Sympheidole [sim ' f i do' /«). A genus of ants. 
Synapse isin' aps). The point of contact of two neurons. 

Synapsis («rtn ap' sis). The pairing ol luatemal with paternal chromosomes early 
in the maturation of the gnrm cells. 

Sya^tlnm (tin suA' i um). An undivided mass of protoplasm containing several or 
many nucld. 

Synura {tinu'ra). A ^nus of rree-swiniming colonial flagellate Protosoa, SOOIO 

species of wTueh cause disagreeable odors or tastes in drinking water. 
Syrphid {se/ Jid). A fly of the family Syrphidie. 

System {m>^' (em). A collection of orgaos concerned with the same general function, as 

digestion. 

Systematic zoology (st,s' Icm at' ik}. iiec taxonomy. 

Systemic circulation {sis tern' ik iter' kula' »kun). The circulation of the blood 
through the body in funeral, as distinguished from that through the lungs or lungs 
and skin (pulmonary or pulmocutaneous). 
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Tadpole {UuV i>ok). TUe larva of a frog, toad, or certain other aninuilb. 

Tail {tale). A slender posterior appendage. In a spermatozoAn, the whip-like 

propelling organ behind the heed end mid-pieoe. 
Temexeek {tam' a rak). The Amerieen laich, a bos-inhabHJng tiee. 

TeniMehmis {jm^wiaH ii' nu). Hie eubgenus of the genua Seiunia including the red 
equirrels. Sdurus (Tmxniasdiirtts) hndldnieaa UiqiMZ (And Mm' i km W ibwoJkt), 

the southern Uudaonian red squirrel. 

Tarsal {lor' sal). One of a number of bones in the ankle of most vertebrate animals. 

Tarso- metatarsus (tar' so met' a tar' mis). A rnmpound bone in the leg of a bird, 

u > ruit ti uJ several of the metatarsals and tarsab. 
Taxis i t(ih.'<' i.i). An orientation of an organism with reference to a stimulus. 
Taxonomy {laks on' o mi). The science of the claii^iiicutiuu uf uniiuals or plants. 

TflieoBtomi (^e' le os' to mi). A subclass of Pisces comprising the true fishes. They 
have a akdeton partly or wholly of bone, and reapire by means of gjUs. 

Telalecltlud (tel' oUt'i thaO. Having the yolk massed toward one ode; said of eggs 
in which the yolk is most abundant in the vegetative half. 

Telophase {tel' o faze). The final phase of mitotie cell division, in which the nuclei 

a re rcconst ni ctcd . 

Tentacle itcn' fn h'l). One of a number of arm-like projections from hydmid.H, 
Bryuzoa, Xuuiiius, and other animals. Also one of certain elongated individuals 
of a siphonophore colony. 

Teatacnlate (ten tak' u taU). Bearing tentacles. 

TenlgMums (far e nus). Derived from the land; as applied to lake bottomsi 
composed of material washed in from the land, as distinguished from material of 

organic origin. 

Tertiary iter' shi a ri). The earlier of two divisions of Cenozoic time. 

Test ' test). A hard outer covering, capsule, or shell; tus of a wa-urrhin. 
Testis lies' ti.'i). The organ in which male germ cell-H are lodged and developed. 
Testisdinata i''.'^ in' di nn' la's. An order of reptiles, comprising the turtles. 
TestudinidiB t, ' In din' i dec). A family of turtles. 

Tetra branchiate {tel' ra hrang' ki ate). Having four gills; applied to a division of the 
Cephalopoda. 

Teliad (lei' rod). A quadruple body formed, during the growth period in the matursr 
tion of germ cells, from the union of two chromoeomee which at the same time 
divide in two. 

Tetraxon ftrt mks' nri). Having four axes radiating from a common center; said of 

cert nin Sponge spicules. 
Thales '/ ' / " ? i. A f ireek philosopher and astronomer who lived about 640-64ti b.c. 
Thamnophis {tfiam' no fis). A genus of garter snakes. T. butleri (but'leri); T. 

prozimus {proks' t mms) ; T. aackeni {sak' en i); t. sauritus {saw ri' tus). 

Thermotazis {ther' mo takt' it), A response to temperature. 
Thannotvopiim (lAer mo^ to pi^m)» The response of an organism to temperature. 
Thignotazis (tiUn' mo lak^ ts}* An orientatbn of an organism with reference to a 
contact stimulus. 

Thigmotropiim (thig mot' ro pCs'm). The response of an orgnnism to the stimulus of 

contact. 

Thomdc (<Ao nu' ik). Pertaining to the thorax or chest. 
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Thoax {ika^ rak*), A middle portion of the body of many animaki between liead and 
abdomen. 

ThllcOBM (thrik' o zo' a). A claos of animals (hair animals) in Okcn's early clMBifiea' 
tion. It rompriHod the mammals which Okcn also called Ophthalmozoa. 

Thymus Hhi' init,s). A ductless gland located m ar \ he. gill clefts, or in the neckj or in 

lh(> iintorior part of thr thorax in vurimis vfrtehraf (>s. 

Thyroid (7^?' rmtl). A iluctl('M« gland lucatt'd in ihv ventral i)art of the pharynx. 

Thysanoptera ithi' m nop* ter a). An order of insects of small size, commonly living 

in flowers or otherwise concealed on plante. 
TiUa {JNb' i a). The inner one of the two bones in the lower leg of vertebrates exeept 

the fishes. 

TIbio-flbtila (Hb' iofSbTu la). The fused tibia and fibula of some Amphibia. 
Tibio-tarsus (Hh' i o lar' isum), A eompouttd bone in the leg of a bird, formed of the 
tibia and certain of the tarsal bones. 

Tissue {H^* u). A group, of cells of similar structure forming a eimtinuous massor 

layer. 

Tonsil (tort' «/). A glandular organ ut the side of the throat. 
Tonus (to* mis). A state of continuous act ivif v, an in nm»cle. 

Trachea {tra* ke a). The tube conveying uir to and from the lungs in vertebrates. 
Also an air tube in inseota and some other invertebrates. 

TMdMcantla (Ira' dm kan' sA* a). A genus of plants inehiding the spiderwort and 
wandering jew. 

Tlansverse process {trans vers' pros* ess). One of a pair of projeetlons at the ttdes 

of a vertebra in most vertebrate animals. 

Trematoda itrcm' n to* rln). A class of Flatyhelminthes, parasitic flatwoims with 

suckers and without cilia. 

Triassic (tri m' sik). Of the earliest Mesoxoic time. 

Triazon (triaks* on). Having three axes diverging from a common point; said of 
sponge spicules. 

Trieeratept (fri ser' o lops). A genus of three-homed dinosaurs of late Cretaoeous 
time in western North America. 

Trichinella {tnkf i nd' la) . A genua of psiasitie roundworms, the cause of the disease 

trichinosis. 

Trilophodon f fn h>' fo don). An ext Inct genus of animals from the Miocene of several . 

conLuicnts , pi i ilmhly an ancestor of the elephants. 
Trimerotropis maritima Urim' er ol' ro put tiui rW i ma). The beach gra^s-iiopper 
Trionychidae (tn' n nik' i dee). A family of turtles. 

Tnpalmitin {Iri pal' mi lin). A fat composed of glycerol and three molix-ules of pal- 
mitic aoid; the most abundant fat in man. 

TdgloUastie (Mp' bios' fik). Gunpoesd of three fundamental layers of oeUs. 
Tritoa (pi' ton). A genus of salamanders. 
Tro|dBm ((ro' pCc'm). A response of an organism to a stimulus. 
Trypsin {trij/ tin), A proteolytic ensyme produced by the pancreas. 
TnFpeinogen (trip tin' ojen). The inactive substance from which the ensyme tiypon 
18 produced. 

Tryptic ((rip* Hk ) . Of the nature of trypsin; said ol proteolytic enqrmes that act in an 

allcaline medium. 
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Tube-feet {luhe' feet'). Tubular protrunons from the arms of echinoderms, which 

wrvr us (irjjans i)f loroniotion. 

Tuberculate {la h, r' hu hite^. Bearing cuHps or conirjil prntuinencea; said of teeth. 

Tubifex ' f'l' hi ff hs). A uciius uf fresh\vnt»'r nnnelid worms. 

Tubular gland {lu' l>u lir). A gland whose luiiu'n is uf About uuiform bore throughout. 
Tunic Tiifc). All enveloping mem!)rane or t^'st. 

Tunicata {lu' ni ka' ta), A subphylum of Chordata, including the sea-squirts, sea- 
pork, salpas, etc. For definition Me Chapter XII. 

TiirbdlaciA (tw* bdla'ri o). A class of Platyhdminthes, ciliated flatwoima leading 
a free existence. 

Tyndal], Jolm (Un' dol). British physicist, 182&-1893. 

Type {tii>€). In systematic soAlogy, an individual or group which is loimally held 

ti) l>f typifal of \ht' sprrios or larger group to which if Kt'lonpn; as. tho type qiCcU 

men of a species, the typ*i species of a genus, or the tyjx" ^eiius of a family. 

Typhlosole (^t/' lo sole). A ridge resulting frum the infolding of the dorsal intestinal 
wall of the earthwoim. 

Ulna (id' na). The bone on the little finger side of the fore arm in Amphibia and the 
higher vertebrates. 

Umbilical cord (iim hil* i hal kord*), A mpe-like cord in which blood vessels pass 

between an cnibr>'o and the placentdin viviparous animals. 

Umbrella {am hrel' fa) . The ctirved or cup-Jike btxly of a medusa. 

Ungulata f uut/' (jn lu' tn). A ^roup of mammals to which the lioofed ftn'mals (pigSt 

sheep, horHi's, elephant h, etr. j belong. 
Ungulate Uing' gii late). One of the T'ngulata. 

Uoilonnitarianism (u' nij'or' mi ta' ri an iz'm). The doctrine that geological proc- 
esses of the past were similar to tbose ot the presmit time. 
Unio (u^ nt o). A genus of freshwater mussels. 

Uoiaanil («' m neka' u aO> Involving but one sex, the female ; applied to partheno- 
genetic reproduction. 

Unit character (u* nit kar' nk (cr). A hereditary trait that behaves as a unit in trans- 
mission, being capable of inheritance independently of other unit clmracten. 
■ Universal symmetry (u' ni ver' sal f^int* me Iri). An arrnnKoniont of the parts of an 
object or organism such that it is capable of being divided into symmctrieal 
halves by an indefinite number of planes passing in any direction through u 
central point. 

Urea (u re' o). A substance, CIO(NHi}i, produced by the decompodUon of proteins 
and some other substances in organisms. 

Ureter (u re' ter). A tube conducting urine away from the kidney. 

Uretlira (u re* thru). Tho. duct by which urine is flisrharped from the bladder* 

Urinary bladder («' ri na ri hlad' der). A bag in wliich unne is stored. 

Uriniferous tubule (n' ri mf er us tu' buU), One of many coiled tubes making up the 

bulk of the kidnt^y in veiiebrates. 

Uriuogenitai system (u' ri no jen' i tal sis' tern). A group of organs concerned 
with both excretion and reproduction in vertebrates. 

Uro^ena (u' ro gle' na) . A gcnusof flagellate Protozoa in which free<«wimming spheri- 
cal colonies are emhodded in a gelatinous substance. 
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Vtenis fu* terufi). A modified portion of the oviiiurt in which the eggs undergo at 
least part of their development. Strictly the term uterus i« applicable only in 
animab in which the developing embryo becomes attached to the wall of the organ. 

VaoMle (vak^ u cie), A reston within * cell occupied by a liquid otiker than proto- 
plasm, usually water with varioua subatancea in aolution. 

Vagina (mi ji' na). The paaBage leading from the utenia to the exterior in many ani> 

mals. 

Vagus fj'a' guf^- The tenth crania! nerve. 

Variation iva' ri a' nhun). In biology, the occurrrMirp nf diffrrmrfs among the 
individuals uf the 8amc species; uIhu, sometimes, amuiig liie ludividuaU or species of 
larger groups (genera, familiee, etc.) 

Variety (vari^BH), In taxonomy, a diviaion of a qieoiea; a group of individualB within 
a epeeiea that differ in eome minor reqpeot f run the reet of the species. 

Vaa deferens (vew' dif er enz) {pL, vasa deferentia, mm' a dtf «r en' «A< o). A duet 
conveying sperms f ram the testis to the exterior. 

Vas efferens (ro«' ef frr mz) (pi. vasa eflferentia, trts' a cf'feren'shia). One of a 
number of minute tubes leading away from a testis, serving to convey the sperma- 
tozoa. They lead into a larger tube called in many cases the vas deferens. 

VegetatlTe {ve/etativ). Concerned with nutrition. When applied to an egg, 
meaning that aide near which the yolk ia accumulated (vegetative pole). 

Vein {vane). A vessel conveying toward the heart blood which has already tmversod 

capillaries since leaving the lieart . 

Velum lum) . A horisontal circular shelf within the maigin of a medusa. 

Ventrad {ven* trad) . In a ventral direction . 

Ventral (ten' tral) Literally, pertaining to the belly ; lience, usually, lower. 

Ventricle (pfn' (H kl). Ttie posterior chnrnhcr of the heart in fishes, Amphibia and some 
reptiles, and one of the two posterior chambers in higher vertebrates. Its function 
is the propulsion of the blood through the main arteriee and connecting vessels. 

Vartahrata (trr' te 6ra' fa). A subphylum of the phylum Chordata, comprising 
the baclcboned animals. For definition see Chapter XII. 

Vertebrate (ver' tehrate), adj. Possessing a badcbone. n. An animal having a 

backbone. 

. Vesalius (oe «o' H im). A Belgian anatomist and court physician who lived 1514- 

l.'f.}. 

Vibracularia {vi brak' ula' ri a). Individuals of a Bryozoan colony, in the form of a 

thread. ' 

Vicq d'Azyr, Felix {imk' da geer*). French comparative anatomist and physiologist, 
1748^17M. 

Vienna («« hoon' ya), A llama-Uke animal of South America. 

Vlrdkow, Rudolf {veer' mo). A Geiman phyaiologiat and pathologist, 1821-1902. 

Visceral (tns* serai). Pertaining to the viscera, or organs contained in some large 
cavity of the body; applied in tlir- vert(<tirat(s chicny to the organs of the abdomen, 
in clams to the digestive orgunt^ ujid glands above the foot. 

Visual yatx' u nl). Pertaining to the sense of sight. 

Vitamine (vi' ta min}. One of several Hubstancea common in leafy vegetables, 
animal futs, and elsewhere, which arc uecessarj' for proper metabolism in animals. 
Their chemical nature is unknown. 
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Vitdline duct (m* ieV Un or vif el lin dukt'). The duet thxougli whioh the nutritive 

material produced in a vitelline gland is discharged. 
Vitelline gland (m tel* lin or oif d lin gland*). An organ producing yolk to be supplied 

to C'frgS. 

Viviparity i nv' t par' i ti). The condition of being viviparous. 

Viviparous (i^' tdp' a mx). Producing yuung from eggs that are rt'taineU in tlie uterus 
of the mother, with the aid of nutrition derived from the mother through a plaeenta 
and umbilioal oord. 

Vocal cords {tfo* kal kordz'). Membranous folds etretched aenwa the larynx, which 

by their vibrations in forced curretiis uf air cause the voice. 

Volvocalea {vol' vo ha* Un). An order of plants inshiduig Volvox, Pandorina, Eudorina, 

etc. 

Volvox {vol' voka). A small epbcricai organism composed of flagellated green cells 
embedded in jelly, in * aingle layer around a liquid interior. Stmietimes regarded 
as an animal, though more properly included among plants. V. aureus {aw* re w) 
of small siae; V. foassdetU (rpo' se t «) very large; V. perglobator (per* 9I0 ha' 

let). 

Vorticella (ror' H sel' la). A cihated prutozooii iittaciicd to a C(jiitractile stfilk. 
Vorticellidfle (ror' ti xel' h' Hrt ). A fjirjiiK- of ciliHtcd Protozoa to which Vorticella, 
Kpistylis, Caroheuiuin uud Zoutimmniuiu belong. 

Wallace, AUrad Russd iwol' las). English naturalist, 182»-1913. 

Xanthophyll {mn' iho JU). One of two yellow substances associattKl with chlurophylL 
Zenophanes {ze no/' a neet). A Greek philosopher who lived about b.c. 

Tucca iifuk^ ka). A genus of liliaeeous pUnts having long pointed stiff leaves and a 
panifiie of white flowers. 

Zoogeography {zo' oje og' raji). The branch uf zodlogy treating of the geographical 

distribution of animals. 
Zooid (so' aid). One of the members of a hydroid or siphonophore colony. Often, 

in a restrieted sense, a particular kind of individual, as a hydranth. 
ZoQlogy (so W oj{). The sdenee of animals. 

ZoSthamnium (sa' o tham' ni urn). A genus of colonial ciliated Frotosoa, resemblmg 

Vorticella. 

Zyispophysi"? 'ri' ija /)o/' i -V One of four short projections, two in front and two 
behind, exleuding frojii the upper portion of a v«frtebra. The posterior pair 
articulate with the anterior pair of the vertebra next behind. 

Zygote {si' gou). A cell or individual produced by the foArn of two cells or their 
ttuolei in the prooess ol sexual repioduetion. 
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Aberration, chromatic and apherical, 15 
AbioKenesis, lfi5 

Absorption, 57, 144. (See also Diges- 
tion.) 

Acanthoccphala, classified, 270. 21A 

Acarina, classified, 270 

Accessory organs of genital systems, 128 

Accessory respiratory organs, 123 

Acetabulum, 13S 

Achromatic figure, 73, Zfi 

Acids, glandular secretions, 154 

Actiniaria, classified, 2fifi 

Actinomorphes, 262 

Actinophrys, &1 

Actinoephserium, 81 

Actions, automatic, 161. 163; reflex, 161. 
162 

ActUus macularia (see Spotted sand- 
piper) 

Adaptation, 356; color, 2S() ; not purpose- 
ful, 277; physiological, 276; struc- 
tural, 2Z5 

Adrenal glands, secirtions of, IM 

iEpyomithifornies, ciaasified, 2Z1 

Afferent fibers, 142 

African elephant, 323 

Agassiz, Louis, 263 

Age, of amphibians and lycopods, 315; 
of fishes, 315; of invertehratca, 310; 
of mammals, 315; of modem floras, 
315; of reptiles, 315. 332; of unicellu- 
lar life, ai5 

Alanine, 51 

Albumen in salivary secretion, lAA 
Alcohols, ISZ 
Alcyonacea, classified, 269 
Alcyonaria, classified, 269 
Aldehyde, 1S2 
Alexander the Great, 8 
Alimentary canal, control of, 163 
AUmentary system, 95 
Alligator, range of, 289^ 291 
Alpat a, 329 

Alternation of generations, ISfi 
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Altricial forms. 2m, 203 

Alveolar gland. 111 

Alveoli, 35, 36 

Amber, fossils in, 31Q 

Ambystoma, congregation of sexes, 192; 
fertilization in, 192 

Ambygtoma tigrinum, 183 

Amino-acids, 39, 50, 51, 145, 146; absorp- 
tion of, liZ 

Amino radical, 51 

Amitosis, 80-81; limited occurrence of, 
80. 81; in Protozoa, 81^ in regenera- 
tion, 81; in reproductive tissues, 81 

Ammonia, excretion of, 151 

Ammonites, 331. 333; sutures of, 33Q 

Amoeba, 60, 61. 62. 66. 68. 85. 91, 93, 107. 
175; classified, 211 

Avwtba diplomHoticay 81 

Amoeba proteu«, 61j 62 

Amceba verrucosa, 61 

Amceboid movement, 60, 6L 62, 73, 121 
Aniphiaster, 72, 2fi 

Amphihift, 184, 331. 335j ago of, 315: 
classified, 271, 274 ; congregation of 
sexes, 192; copulation in, 192. I'.t3; 
fertilization in, 192, 194; hermaph- 
roditism in, 191; in red betls, 3l«) 

Amphibious animals, disposition of eggs, 
204; fertilization in, 194; method of 
bearing young, 198; parental care 
in, 204 

Amphibious mammals, range of, 292 

Ainpliifojlous vertebrte, liiZ 

Auiphidisc spicules, 170 

Amphincura, classified, 269. 213 

Amphioxus, 115. 223; classified, 273; 
gastrulation in, 220; mesoderm for- 
mation in, 222 

Amphipoda, classified, 270 

Amplexus, 190, 192, 193] in Bm/o ty- 
phoniw, 193 

Amylene, 187 

Amylolytic enzymes, 5fi 

Amylopsin, 66, 145, 146 
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Anabolism, 48 

Analogy, in taxonomy, 2fifi 

Anaphases, 71^ 24 

Anaaa, maturation in, 253 ; sex-dctermi- 

nation in, '2nA 
Anaspidacea, classified, 210 
Anatomy, 2, 10, 11, 14j comparative, 17, 

18, 21, 337 
Anaximander, 8 
Anemones, classified, 222 
Animal associations (sec Associations) 
Animal biol(^y, 1 

Animal communities (see Assorintlons) 

Animal geography (see Zodgeography) 

Animal husbandry, 24 

Animal organizations, 92 

Animal pole, 213, 215, 220 

Animals, adaptations of, 275, 276; apa- 
thetic, 262; dependent upon envi- 
ronments, 307] intelligent, 262; range 
of aquatic, 2S2; range of forest, 292, 
294; range of plains, 292. 294; range 
of prairie, 202, 294; range of terres- 
trial, 297; relation to environment, 
275; relation to plants, 282; sensi- 
tive, 2fi2 

Animals and Plants under Domestica- 
tion (Darwin), 342 
Anisogamy, 176 

Annelida, 100, lOlj classified, 269, 272; 

digestive system of, 117; nervous 

system of, 132 
Annelids, 187 

Anseriformes, classified, 271 
Anterior, 105 

Anthomedusae, classified, 269 
Anthophysa, 8fi 
Anthophym vegetams, 82 
ArUfwthnpa niger, 181 
Anthozoa, 96] classified, 269^ 222 
Anthropoid apes, 335 
Antipathidea, classified, 2fi2 
Ants, 181 ; classification of, 264; poly- 
morphism in, 278; slavery' in, 28Q 
Anus, 116, 117, 120^ 225, 228. 220 
Aorta, dorsal, 124 

Aperture, atrial, 103; colonial, 103; oral, 

103 
Aphids, lai 

Aplacophora, classified, 200 

Apoda, classified, 271 

Appendages, in insect and man, 134 

Appendicular skeleton, 135; parts of, 122 



Applications of zodlog>', 24 

Aptera, classified, 220 

Apterygiformes, classified, 271 

Aquatic animals, adaptations, 275, 276, 
277; care of fertilized eggs, 198; 
disposition of eggs, 204; fertiliza- 
tion in, 192. 194: method of bearing 
young, IPS: parental care in, 204, 205 

Arabian camel, 3211 

Arachnida, classified, 270, 213 

Araneida, classified, 220 

Arch{eopter>'X, 331 

Archffiomithes, classified, 271 

Archenteron, 220. 221, 222, 223, 225 

Archeozoic, in time scale, 315 

Archiannelida, classified, 269, 273 

Aristotle, 7, 8, 9, 10, 12 

Armadillo, range of, 289 

Arrow-worm, 202 

Arterial blood, oxygen in, 149 

Arteries, 123; muscles of. 150 

Arthropoda, 173; classified. 220, 273; 
locomotor organs of, 135; nervous 
system of, 140 

Arthropods (see Arthropoda) 

Articulated type, 18 

Artificial evolution, 303 

Artificial parthenogenesis, 1H6, 182 

Artiodactyla, classified, 271 

Artiomorphos, 202 

Ascaris, 76. 115. 208 

Ascaris megalocephala, 79; fertilization 
in, 216; origin of germ cells in, 207- 
208 

Ascidiacca, classified, 210 
Ascidian, 103, 102 

Asexual reproduction, 168; limits of, 122 

Aspidobranchia, classified, 200 

Assimilation, 5L (See also Digestion.) 

Associations, colony formation, 275, 277, 
278; dependent on plants, 277, 281. 
282: examples of, 283, 2H4: formed 
by environmental factors, 284, 287; 
formed by physical environment, 
277. 282. 2H3. 2H4; mimicry, 277. 
280; parasitism, 275. 277, 278; pre- 
daceous habits, 277, 2H0, 282; reac- 
tions of animals in, 2S4 ; relations of 
animals to. 277; Blavor>', 275, 277 . 
280: society, 275, 27L 278; species 
relations in, 277, 281; atireession of, 
287: symbiosis. 275, 277, 220 

Aslaaix fluinatilis, 140 
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Aster, 2a 

Asteroidea, classified, 260, 232 

Astral rays, 72, 76i aa protoplasmic 

threads, 22 
Asymmetry, 107 
Atrial aperture, 1D3 
Attraction-sphere, 32, 22 
Aiichcnia, 329; range of, 201 
Auditory nerve, 230 
Auricle, 120j 124 

Australia, absence of imgulatcs from 354; 

marsupials of, 3^ 
Autobiography, Darwnn's, 341 
Automatic actions, 161. 163 
Autonomic ncr\'0U8 system, control of,lfi3 
Aves, classified, 271, 274 
Avicularia, 100^ IQi 

Axial skeleton, 135; of cat, figure of, ISfi 
Axon, 114. 142. 159. 160, 161. Ifi2 
Azotobacter, 49 

Baboons, 335 
Back cross, 24fl 

Bacteria, 31^ 49, 166; nitrogen-fixing, 42 
Bacteriologist, Ifil 
Bacteriology, IfiZ 
Bacterium, 167 
Badger, 125 

Balanoglossida, classified, 270 
Baltimore oriole, range of, 292 
Bar eye in Drosophila, 345 
Barnacle, 165^ 350j 351 
Barriers to migration, 305, :j()H 
Beaded wing in Drosophila, 345 
Beajsle, 240 

Beans, fertilisation in, 1S6 

Bees, 181 ; artificial generation of, 165; 

polymorphism in, 22& 
Belgium, ancient men of, 336 
Belon, 12 
Benzol, ISI 
Bcrengario, 10^ 11 

Bicomuate uterus in mammal, figure t)f, 
133 

Bidder's canal, 121 
Bilateral symmetry, 125 
Bile, 118j 145. (fM-c also Liver.) 
Bile duct, 118, 120, 227, 228 
Bile salts, ISI 

Binomial system (see Nomenclature) 
Biogenetic law, 234j 222 
Biology, animal, Ij early history of, 7-24 
Bionomics, 275 



Birds, birth stages in, 201; copulatory 
habits of, 193; fertilization in, 194; 
hermaphroditism, 191; incubation 
in, 198; migration of, 300: nests of, 
198; parental care in, 201 

Birth stages, in various animals, 201-204 ; 
relation to parental care, 204 

Bison, congregation of, 278; range of, 222 

Black guinea-pig, 242 

Bladder, in lizard, 125 

Blainville, 2fi2 

Blastocojle, 218, 219, 220, 221, 222 

Blastophaga, habits, 2S2 

Blastopore, 220, 221, 222, 228 

Bbistostyle, 97^ ISfi 

Blastula, 218, 210, 220, 221 

Blood, 123; circulation of, 12] in kidney, 

152; oxygen in, 142 
Blood supply in viviparous forms, 196 
Blood transfusions, 25Q 
Blood vessels, innerv'ation of, lfi3 
Blue jay, range of, 292 
Body, evolution of in horse series, 324 
Bolina hydatina, 182 
Bone, 27j 41 
Botany, fi 
Botryllus, IQl 
Botryllxis goiddii, 102 
Bougainvillea, 96, 97, 186; budding in, 

168, lfi2 
BougainvilUn ramosa, 9& 
Bowman's capsule, 126, 127, 152 
Brachiopoda, classified, 27 U. 274 
Brachiopods, 314 
Brackish water, 31fi 
Bracts, 99, IflQ 
Bradypus, frontispiece 
Brain, lUi lilii 162, 225, 227, 228 (see 

also Cerebrum and Cerebellum); of 

earthworm, 119 
Branch iopoda, classified, 270. 
Breathing, 148 
Breeding habite, 189-205 
Brittle stars, classified, 222 
Bronchi, 63, 123, 228, 22ft 
Brood pouch (see Pouch). 
Brook trout and LemcBopfxla, 28fi 
Brush turkey (see Megapodes) 
Bryozoa, 100, 121 ; classified, 270, 214 
Buccal cavity, 112 

Budding, 168, 186; external, 171 ; inter- 
nal, 169] lateral, Ifift 
Buds, 162 
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Buff eye color in Drosophilu, 344. dQl 
Biiffon, 211 

Bufo typhanim, 193; utnplexus in, 1^3 

Bugiila. IQQ 

Bugula atncularia, 100 

Bupreelia nuttalli consuluris, habits, 2S1 

Burrowing owl, range of, 222 

Butterflies, lar\'al stage of, 2112 

('aberea, 101 
Caberea cllisi, 100 
Calcareji, classified, 269, 222 
Calciferous glands, of earthworm, 1 19 
Calcium oxalate, 59 

Calorific value, of fat, 54j of food, 53^ of 
starch, 54 

Cambrian, 330; in time scale, 315 

Caniclidaj, range of, 2111 

Camels, 319, 332] Arabian, 329; evolu- 
tion of, 32S-330. (Sec also Ca- 
melus.) 

Camelus, range of, 221 

Camponotua, range of, 22Q 

Canals, semicircular, 23Q 

Cancellate bone in elephant series, 320, 
323 

Canines, in Palu?omastodon, 320 

Capillaries, 123; oxygen in, 150; in pla- 
centa, lllfi 

('apsule, of earthwonn, 132 

Carbohydrates, 40, 49, 50, 5:^, 54, 57; 
assimilation of, 146; oxidation, 150; 
transformation of, 145. 147. (See 
also Starch and Sugar.) 

Carlxm, ill 

Carbon ilioxide, 49, 5S] eliminati(m of, 

150, 151; fornuHl in nuiscles, 158 
Carbonic acid, Ml 

Carboniferous, 331 ; in time scale, 315 

Carboxyl, 50, 52 

Carchesium, iiZ 

('ardinal, range of, 292 

C'arettochelydida;, range of, 2011 

(vurnivora, cla8aifie<l. 221 

Carnivort)Us animals, 2H0 

Carolina WTen, range of. 292 

Curt»tin, 42 

Carpals, 138. 139, 325 

Carp<'nter ants (see Camponotus) 

Cartilage, 27^ il 

Chants, 312, 313 

Casuariiformes, classitic^l, 271 

Catabolism, 4& 



Catalysis, 55. 
Catalysts, 55 
Catalytic agents, 55 
Catalyzers, 55 
Caterpillars, 203 

Caudal region of vertebral colunui, 13Q 
Caudata, classified, 271 
Causes of evolution, 354-357 
Cecidomyia, l&l 
Cecidomyiidffi, ISl 

Cell, 18, 19, 26, 32 ; morphology of. 25-42; 
a physiological unit, 27j plasmolysis 
in, 67] sensory, 162; shape of, 29i 
size of, 22 

Cell appropation, M 

Cell-bridges, 34, 35 

Cell division, 33, 70-83; discovery of, 70] 
indirect, 71_; physiological causes of, 
82; relation to changes in colloidal 
state, 82] universality of, 82 

Cell doctrine, 19, 2& 

Cell inclusions, 32, 33 

Cell membrane, 32, 33, 42 

Cell organs, continuity of, 82 

Cell physiologj', 42^ 43 

Cell plate, 75 

Cell theory, 19, 24, 25, 28, 22 
Cellulose, 32] digestion of, 14fi 
Cell wall, 25, 26, 32, 42 
Cement, 322, 323, 322 
Cemophorn coccinea. mimicry, 280 
Cenozoic, in time scale, 315 
Centipedes, classified, 223 
Central nervous system, 114, 222 
Centralia, 138 

Centralization in nervous system, 139 
Centrolecithal, 202 

Centrolecithal egg, 214. 215; cleavage in, 
22Q 

Centrosome, 32^ 33^ 71, 72, 76] impor- 
tance of, 80] in sperm, 216 
Centrosphere, 33, 22 
Centrum, UM 

Cephalochorda, classified, 270, 223 

Cephalodiscida, classified, 220 

Cephalopoda, classified, 269, 273 ; tetra- 
branchiate, 330, 331 

Cephalopods, 319, 332^ 335, 357] evolu- 
tion of, 330-331 ; fossil, 234 ; sutures 
of, 330] U-trabranchiate, 330, 331 

C-eratite, ;i31; suture of, 330 

Ceratit<!S, 331 

Cercaria, 182, IM 
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Ccrcaria flabelliformis, IK.^ 
Cerebellum. 120^ 163] function of, lfi3 
Cerebrum, 120, 141; functions of cortex, 

162. Ifi3 
Ccrianthidea, classified, 2fia 
Cer\ncal region of vertebral column, 13fi 
Cestoda, 100^ lOlj classified, 269^ 212 
Cestodes, 184^ ISfi 
Cetace^, classified, 2X1 
Cha!toKnatha, cla.s«ified, 270. 224 
Chajtopoda, classified. 260i 223 
Chatura pclagica (sec Chimney swift) 
Chain coral, ill 

Chambers of heart, 123-125; relation to 
course of circulaticm. 12.V12i> 

Changes, climatic, 31ft; continental, 
317: of env-ironment, 316. 312 

C'hapelle-aux-Saints specimen of Nean- 
derthal man, 337 

Chara. 01 

(!!haradriiforme8, claasified, 271 
Chat, yellow-breasted, range of, 222 
Checker-board, illustrating inheritance 

in Fi, 24ft-2fiO 
Chemical elements in plants?, 4& 
Chemistry of protoplasm, 38 
Chemotropism, 2S5 
Chernetidia, classified, 270 
Cherry eye color in Drosophila, 344. 3M 
Chilopoda, classified, 2211 
Chimney swift, birth stage in, 203 
Chiropt<;ra, classified, 271 
Chitin, 32 

Chlamydomonas, 85, 87j ^ 
Chloroform, m2 
Chloragogen, 111 
Chlorophyll, 4S 
Chloroplasts, 49, 82 
Choanoflagellata, classified, 268 
Cholesterin, 4Q 
Choline. 4Q 

Chondrostei, class! fie<l, 270 
Chordata, 169j classified, 270, 223 
Cliordatrs (see Chordata) 
Chromatic aberration, 15 
Chromatic figure, 73. 74. 22 
Chromatin. 32, 37. 68, 60, 71. 75^ 125 
C^hromomeres, 37, 3S. 73, 74, 2ii 
Chromosomes, 74, 17.'>: homologous, 240; 
individiiality of, 79; locus of genes, 
241 : maternal, 210, 211; movement 
of, 73i in mutation, 35.5 : number of, 
79; paternal, 210, 211; shape of, 28 
27 



Chrysanthemum aphid, 181 
Chyme, 145, IM 
Ciconiiformes, classified, 271 
Cilia, 30, 60 

Ciliary movement, 60, 62, 63 
Ciliata, ITTj classified, 2fiS 
Ciliated epithelium, 63, 110; columnar, 
109 

Cilium, 62, 63, 64 

(circular muscle, 133 

Circulation, 12; (Control of, lfi3; course of, 

123 125; pulmonary, 124: systemic, 

124. 125 

Circulatory system, 114, 123; in dog- 
fish, figure of, 124; early appear- 
ance of, 123; of earthworm, 1 19; es- 
sentials of, 123; relation to respira- 
tory system, 12Q 

Cirripedia, 350; classified, 22Q 

Cirms, 13Q 

Cladocera, classified, 220 
Clams, 173; classified, 273: migration of, 
303 

Class, defined, 262, 263, 2M 

Classification, 15, 16, Mi^aais of, 265; 
definition of major groups, 268; tabu- 
lar view of, 268; temporary sj'stenis 
of 202. (Sec also Taxonomy.) 

Cla\ncle, 137, 138 

Cleavage, 211, 217: in centrolecithal eggs, 
220; equatorial, 217, 218; in homo- 
lecithal eggs, 217. 218: meridional, 
217. 218; in telolecithal eggs, 210 

Climatic changes, 316 

ClitcUum, 184i l&S 

Cloaca, 118, 120, 127, 130 

Cloacal chamber, 102 

Close skein, 21 

Clo.se spireme, 21 

Club wing in Drosophila, 345 

Coccida;, 181 

Coccidians, 172; occurrence of, 122 
Coccidiidea, classifiecl. 268 
Coccidium schubergi, 81, 172, 173, 121i 
Cocoon, 185; formation in earthworm, 
185 

Codosiga, 85, Sfi 
Coilosi^a cymosa, 8fi 

Coelenterata, 64, 96, 106, 115, IMi '^^itl- 
ding in, 168; classified, 269, 272 ; 
nervous system in, 139 

Coelenterates, classified, 272; digestive 
apparatus in, 115 
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Coilenteron, 115; of Hydra, 04. 
Coelom, 115, 116, 210, 222, 223^ 224, 225, 
228 

Coenosftrc, 97, 28 
Cold, IM 

Coleoptera, classified, 2ZQ 

Collared epithelium, 109^ IIQ 

CollectinK tubules, 1^ 

Colloid, 36, 41 

Colloidal condition, M 

Colloidal mixture, 3fl 

Colloidal state, 41, ISZ 

Colloidal system, 4fi 

Colonial aperture, 103, Ififl 

Colonies, in Hydrocoa and corals, 96j 

types of, 85 
Colony, 84-89. flfi 

Colony formation, 103, 275, 277, 278; 
in metazoa, 96, 100; origin of, 102 

Coloration fta adaptation, 2Zfi 

Columnar epithelium, 109. 1111 

Colymbiformos, classified, 2Z1 

Comanchian, in time scale, Iil5 

Combined types of reproduction, IM 

Combs in fowls, Iifi2 

Commissures, 1^ 

Common bile duct, 118, 1211 

Comparative anatomy, 17, 18, 21j 337; as 
evidence of evolution, 348 

Comparative cmbryolog>', 337; as evi- 
dence of evolution, 349, 35Q 

Comparative physiology, as evidence of 
evolution, 25Q 

Compoimd alveolar gland, ill 

Compound character, 3fi2 

Compound tubular gland, 111 

Conchologist, defined, 267 

Condensers, IL. 

Conemaugh formation, 319 

Congregation, 278 

Conjugation, 177. 120 

Connective tissue, 27, 41j ncr\'e endings 
of, im 

Consciousness, 162, 163 

Continental changes, 316, 317 

Contractile tissues, 108, 1 1*2 

Contractile vacuole, 59, 111 

Copepoda, classified, 2ID 

Copulation, methods of in various ani- 
mals, 100-1 ft3 

Copulation passage, 1^ 

Coraciiformcs, classified, 271 

Coracoid, 13L 138 



Coral, chain, 211 
Coral polyps, IM 

Corals, 316; budding in, 168; classified, 
272; colonics of, 96-98. 278; parts 
fossilized, 31 1 

Coral snake, mimicry, 280 

Cornea, 230 

Corpora adiposa, HZ 

Corrodentia, classified, 270 

Cortex of cerebrum, ]ii2 

Course of circulation, 123-125 

Course of evolution, 357-362; factors 
directing, 258 

Cowbird, U 

Crab, host of Sacculina, 350; sperm of, 
21fi 

Crabs, classified, 273 

Cranial nerves, 141, 23Q 

Crayfishes, 173; classified, 273; copi^la- 

tory habits in, 192; egg carrying in, 

199; fertilization in, 122 

Crest, aa 

Cretaceous, 330, 331, 332, 335; in time 

scale, 215 
Cretaceous time, geography of. 352 
Crinoidea, classified, 269, 222 
CriaUUflla mucedo, 171 ; statoblasts of, 17(1 
Croatia, ancient men of, 336 
Crocodiles, 232 
Crocodilians, classified, 274 
Crocodilini, classified, 271 
Cr6-Magnon man, 336, 337 
Crop, 117; of earthworm, 119 
Crossopterygii, classified, 210 
Crustacea, 18L 360; classified, 270, 273: 

parts fossilized, 211 
Cryptobranchus, congregation of sexes, 

192; fertilization in, lSi2 
Cryptoccphala, classified, 269 
Crypturiformcs, cliujsified, 211 
Crystalline lens, 227, 22Q 
Ctenophora, classified, 269. 222 
Ctenophore, 182 
. Cubical epithelium, 109, 110 
Cubomedusic, classified, 2(i9 
Cuculiformcs, classified, 221 
Cumacea, classified, 270 
Cup coral, 21fi 
Cuticle, 22 

Cuttlefishes, 173; classified, 212 
Cuvier, Georges, 17, 18, 21. 22, 262 
Cyclosis, 61 

Cyclostomata, classified, 270. 222 
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Cynipidffl, ISl 

CystoflagcUata, claasificd, 2fiS 
Cytoblastema, 70 
Cytolofry, 2 

Cytoplasm, 31j 32^ 60, 17L 2U^ 215; 
division of, 78j finer structure of, 
35; in heredity, 2fifi 

Dark ages, 9 

Dark bands, in muscle, 113 

Darwin, Charles, 21. 22. 23. 252. 340. 
341, 342. 360; autobioRraphy of, 
341; relation to evolution theory, 

33Q 

Darwin, Erasmus, 20, 22 
Darwinism, 352 
Decapoda, classified, 27D 
Deer, congregation of, 278; extinction of, 
307 

Delamination, 221, 222^ 223 
Dellinger, (H, 02 

DemospongisB, classified, 269, 272 
Dendrite, 114. 142. 159. 160. 161^ lfi3 
Dendritic colony, R5-S7 
Dentine, 322, 323. 322 
Dermatozou, 2iili 
Dermoptcra, classified, 211 
Descent, 1& 

Determination of sex, 239, 252, 253 
Dcutero-albumoses, 146 
Development, 27j embrj'onic, 28; me- 
chanism of. 235=23& 
Devonian, in time scale, 315 
De Vries. Hugo, MA 
Dextrose, 145. 14«, lil 
Diastase, ail 
Diaulula, 71 

Dibranchia, classified, 269 

Dichogamy, 12Q 

Didelphia, classified, 211 

Differentiation, 84^ 91. 92, 93, 102 

Diffusion, 43, 142 

Digenea, classified, 202 

Digestion, 54, 55, 56, .57; amino-acids in, 
145. 146, 147; of cellulose (see Cellu- 
lose); in duodenum, 144; fatty acids 
in, 145, 147; of fats (see Fats) ; glyc- 
erol in, 145. 147; in Hydra, 146; in 
large intestine, 146; in man, 143; in 
mouth, 143, 144; of proteins (see Pro- 
teins); in small intestine, 146; of 
starch (see Starch) ; in stomach, 144; 
of sugar (sec Sugar) 



Digestive apparatus, in ccclenterates, 

115; simplest, 115, llfi 
Digestive system, 114; of Annelida, 117; 

in invertebrates, 116; in Nemathcl- 

minthes, 116; in rhabdocoele Turbel- 

laria, 116;in triclad Turbellaria, 116; 

in vertebrates, 1 17-120 
Digestive tract, 224; derivatives of, 226- 

229; muscles of, IM 
Digger wasps, disposition of eggs, IM 
Digits, 138, 325 
Dinobryon, 85 
Dinobryon sertularia, 86 
Dinoflagellata, classified, 268 
Dinomithiformes, classifiud, 271 
Dinosaurs, 332, 333, 334; footprints of. 3 13 
DioDcious, 184; species, fertilisation in, 

lfl2 

Diplopoda, classified, 270 

Dii^hzodti paradox urn, 278 

Dipnoi, classified, 270, 224 

Diptera, classified, 270 

Direction of evolution, 3fiQ 

Direction of mutation, 3fi0 

Discomedusffi, classified, 269 

Distributed nucleus, 22 

Distribution, accidental, 291, 304; of 
cotton boll weevil, 304; discontinu- 
ous, 29li 302; factors of, 299; by 
man, 291^ 305; method of, 307: of 
rabbit, 304. (See also Zoogeog- 
raphy and Range.) 

Disuse, in evolution, 359 

DiNnsion of cytoplasm, 2S 

Division of labor, 84,91. 92, 1Q2 

Dominance, partial, 21 1 

Dominant, 244 

Donacia piscatrix, food of, 281 
Dorsal, 1Q6 
Dorsal aorta, 124 

Dorsal blood vessel, of earthworm, 119 
Dorsal horn, of gray matter in spinal 
cord, 142 

Dorsal root, of spinal nerve, 229, 23fi 
Dorsal root ganglion, 142 
Dromedary, 322* (See also Camelus.) 
Dromia, sperm of, 216 
Drones 0>ee8), I&l 

Drosophila, 241, 242. 254; chromosomes 
of, 240; as a complex heterozygote, 
363; mutations in, 344 

Droitophila melaiiogaetcr, 79] mutations 
in, 345 
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Ducks, birth stages in, 2Q1 

Dujiirdio, Felix, 25, 21i 

Duodenum, 117, 118, 120; digestion in, 

144 ; mucosa of, 14ii 
Dyads, 211, 212, 21^1 

Ear, development of, 230; middle divi- 
sion of, 226j 230; sensory cells of, IM 
Kar drum, 231 

Karthworm, 184, 185; capsule of, 11>-'; 
classified, 273; cocoon formation in, 
185; copulation, 192; egg ca«e of, 
198: fertilization in, 191 : figure of 
dissection of, 1 19; rate of propaga- 
tion, 303; reproductive organs of, 
12& 

Echinodermata, 172; classified, 269, 212 
Echinodenns, classified, 272 
Echinoidca, classified, 2<ili 222 
Ecology, 3, 4i 6j 275-2S8 ; methods and 

aims, 287; relations to physiology, 

288; relations to zoogeography, 288. 

309; scope of, 275; in taxonomy, 2H7. 

2fia 

Ectoderm, 65, 220, 221, 222, 223, 224, 

225. 227; of Hydra, M 
Ectoparasites, defined, 2211 
Edaphosaurus, 332 
Edaphomtirus cruciger, 333 
Fxlentata, classified, 211 
Edwardsiidoa, classified, 2fi9 
Eels, freshwater, migration of, 300 
Efferent fibers, L42 

Egg, 174i blastula from tclolecithal, 219; 
centrolecithal, 214, 215; cleavage in 
centrolecithal, 220; cleavage in 
homolecithal, 217-218; cleavage in 
telolccithal, 21S. 219; fertilized, 211 ; 
form of, 213-215; homolecithal, 214; 
mature, 211, 213] telolceithal, 214, 
215 

Egg carrying, 199; in crayfish, 199; in 
frogs. 200: in flyla fxJirnmnm, 200 : 
in insects, 200; in marsupial frog, 
200. 201 ; in mussels, 199; in pijM"- 
fish, 201; in sea horse, 201 

Egg cases, of earthworms, 198: of insects, 
198: of leeches, 108; of snails, 198i 
of spiders, 198, 2110 

Egg laying (see CK'iparity) 

Egg membrane, 214, 215j 218 

Eggs, of amphibious animals, 204; of 
aquatic animals, 204; of aquatic tur- 



tles, 198; care of fertilized, lOR, 205; 
of digger wtisps, 19S; fertilized in 
ovary, 196; of ichneumon flies, 1 98 ; 
of insects, 195: of mammals, 195; 
of Megapodes, 198. 199; nourish- 
ment of, 195, 196i 197; place of 
development of, 191 195, 196l »»f 
salamanders, 198; of sharks, 196; 
of skink, 199, 200] of toads, 138 
Egg shell. 215 

Elasmobranchii, classified, 270. ^7.*^ 

EliH'tric current produced by glandular 
activity, 155 

I':iectrolyte8, 28, 11 

Elements in protoplasm, 38 

Elephant , 319, 321, 322, 323, 332, 333, ML 
358: .\frican, 323 ; cancellate Imihc, 
320] evolution of, 3 1<>-324; evolution 
of lower jaw, 320: evolution of pr»>- 
boscis, 320; incisors, 320; Indian, 321. 
322, 323; nasal openings, 320: num- 
Iwr of teeth, evolution in, 320; tusks, 
320 

Elephas, 320* 32L 323 
Elodea, 50, 61 

Embryo, 206, 218, 225] development in 
mammal, 196: homolecithal, gas- 
trulation in, 220: place and nutri- 
tion of, 195, 196i 197] in shark, 197: 
telolecithal, 223; tclolecithal, gas- 
trulation in, 221 

Embryology. 2. li. 175, 206, 206-238; 
comparative, 332 

Embryonic development, 8, 28 

Empedocles, 8 

Empirical formula, 40 

Emulsion, 35, 36, 31 

Enamel, 322, 323, 327; in elephant teeth, 
321 

Endoderm. 65, 210, 220, 221, 222, 223, 
224. 225. 227: of Hydra, M 

Enterokinase, 145, 146 

Enteropneusta, classified, 210, 273 

Entomologist. define<l, 5, 267 

Entopanisites, defined. 279 

Environment, 21, 275; a cause of varia- 
tion, 257: change of, 316. 317: a 
complex, 2S7 ; dependence of ani- 
mals on, 307 ; in evolution, 359 : a 
factor in distribution. 305 ; nugration 
of, 317] mutability of, 305; physical, 
associations formetl by, 277, 282*283, 
284: possible cause of evolution, 356; 
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relation of aninmls to, 277; relation 
of htjrso t(j, 328; relation of range to. • 
297; iinstahlc, 2142 

Environments, abundance of, 306; con- 
ditions in, 294; diffen'nces in, 294; 
major, 292; plant aasociations of (see 
Vegetation) 

Enzymes, 49, 55, 68] classification of, 56 

Eocene, 319, 320, 321, 324, 325, 329: 
geography of, 318; in time scale, S15 

Eohippus, 324^ 325j skull of, 326j ttjoth 

of, m 

Eosin eye color in Drosophila, 344. 361 
Ephemerida, classified, ^70 
Ephydatia, HQ 

Epicrium gltUinoaum, gills of, 122 

Epidermis, li 

Epiatylis, 31, 82 

Bpistylis flatncang, 82 

Epithelial tissues, 108; examples of, 1Q9; 
functions of, 109 

Epithelium, ciliated, 63] germinal, 116; 
nerve endings of, 163; occurrence 
and function of, 108; olfactory, 164 ; 

types of, m no. 

Bpizoanihwt americamu, a symbiote, 279 
Equation division, 21 1 
Equatorial cleavage, 217. 21& 
Equatorial plate, 73, 74, 78, 81 
Equilibrium, IS3. 
Equufl, 324, 325, 228 
Erepsin, 1A& 

Erosion, affecting fossils, 314 
Erythrodextrin, 143 
Eskimos, 326 

Esophageal commissure, 140 
Esophagus, 63, 117, 140, 229j of earth- 
worm, 113 
Essay on Population (Malthus) 341^ 342 
Ether, ISl 

Ethusa, sperm of, 216 
Eudorina, 87, 88, 90, 93j reproduction of, 
ion 

Eudorina elegam, 88, 89, 176, 122 
Euglena, 64, 85] flagellum of, 155 
Euglypha, 78, 81 
EuIamcUibranchia, classified, 269 
Eupaffivnui pubescens, a symbiote, 279 
Euphausiacea, classified, 220 
Euplexoptera, classified, 270 
Eurypterida, classified, 970 
Eustachian tube, 226, 22L 231 
Eutheria, classified, 271, 224 



Euthyneiira, classified, 2fiD 
Evagination, 224 

Eviden<"e, of evolution, 34!^ ; paleouto- 
logical, 332 

Evolution, 5,6,18,20,21^22,23,28, 256, 
339-363. 347; artificial, 363; of 
camel, 328-330; causes of, 354-357; 
of the cephalopods, 330-331; course 
of, 357-362; direction of, 360; of the 
elephants, 31«>-324; environment 
and, 359; evidence of, 343; a factor 
in distribution, 299, 307; factors di- 
recting course of, 358; genetics and, 
257; of horse, 324-328; by hybridi- 
zation, 362; inferential e\'idence of, 
354; influence on taxonomy, 266; 
lines of, 319 

Evolution theorj', Charles Darwin and 
the, 339 

Evolve, 339 

Excavations, revealing fossib, 314 
Ex-conjugant, lia 
Excretion, 58, 150-152 
Excretions, 58 

Excretory system, 114, 125-127 
Existence, struggle for, 341. 359, 3fiO 
Experimental breeding in taxonomy, 262 
Experimental method, VL 12 
Experiments on spontaneous generation, 
166 

External gills, ^ 

Extinct animals, as evidence of evolu- 
tion, 3M; migration of, 316. 312 

Extinction, 331; a factor in distribution, 
306 

Eye, contraction of pupil, 161; develop- 
ment of, 230; sensory cells of, 164 
Eyeless Drosophila, 345 

F„243 

F;, 244^ 249, 230 
F„ 245^ 246 
F4, 246 
Factor, 240 

Factors directing course of evolution, 358 
Falconiformea, classified, 221 
Families, range of, 200, 291 
Family, defined, 263. 2()4; formation of 

name of, 262 
Fasciola hepatica, 182, 183 
Fat bodies, 120, 132, L42 
Fats, 40, 52, 53, .54, 214j absorption of, 

146, 147; assimilation of, 146; di- 
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gcstion of, 144, 145; formation of, 52^ 
in lymphatics, 147; oxidation, 150; 
storage of, 147; 'transformation of, 
MI 

Fatty acida, 40, 52, 145, 187; absorption 
of, 142 

Feather stars, classified, 272 

Fceble-mindcdncss, 25fi 

Feet, evolution of in camel series, 329; 

evolution of in horse series, 324. 325; 

webbed or lobatc, an adaptation, 2Zfi 
Femur, 138, 132 
Feral, 229 

Fertilization, 180, 216; in beans, 186; 
before and after egg laying, 195; in 
earthworm, 185; external, 193. 194, 
198; Hert wig's definition of, 187; 
internal, 193. 194, 198; in mctazoa, 
180; methods of insuring, 189, 194; 
nature of, 187; in ovary, 196; in 
Protozoa, 180; relation to oviparity, 
198; relation to ovoviviparity, 198; 
relation to viviparity, 198; r61e of 
sperm in, 187-188; self, 191 ; signi- 
ficance of in Protozoa, 180; in 
various animals, 190-194; in wheat, 
IM. 

Fertilization passage, 120. 

Fertilized egg, 211 

Fibers, 3iL in protoplasm, 32 

Fibrilla;, ll3j of muscles, 156, 157, 158 

Fibula, 138, 139 

Fibulare, ISS 

Figs (see Blastophaga) 

Filar theor>', 32 

Filibranchia, classified, 260 

Fins, an adaptation, 22A 

First filial generation, 2^ 

First maturation division, in female, 212; 
in male, 211 

First polar body, 213 

Fischer, lock and key hypothesis, 55: 
synthesis of polypeptides, 52 

Fishes, 335; adaptations of, 275: age of, 
315; classified, 273; congregation of, 
192. 278: copulator>- habits in, 192^ 
193; fertilization in. 192^ 194[ her- 
maphroditism in, 190, 191 ; nests of, 
198; parental care of, 20L 2M 

Fission, ITVl. 179, 186; in Protozoa, 171; 
transverse. 121 

Fittest, survival of, 8 

Fixity of species, 340 



Flagcll.ita, 64j classified, 268 
Flagellated epithelium, 110; columnar, 

ma 

Flagellum, 63, 64, 65, 177; structure of, 
155 

Flame cell, 125, 126 

Flask, Pasteur's, lii2 

Flatworms, 184, 186l classified, 272; 

nervous system of, 13fl 
Fleas, parasites, 22fi 
Flies, IM 

Floras, modem, age of, 315 
Flounder, 102 

Flowing of protoplasm, 60, fil 

Fluctuating variations, 3M 

Flukes, 184j classified, 222 

Flycatcher, sperm of, 210. 

Flying squirrel, habitat of, 2&1^ (See 

also Glaucomys.) 
Foam, 36 

Food, 53j of developing embryos, 195. 
196, 197; an environmental factor, 
305; utilization of stored, li2 

Foot, of Hydra, M 

Foot, Katharine, IM 

Foraminal aperturo. 170 

Foraminifera, classified, 268 

Fore limbs, 137 

Forest faunas, 2S1 

Formaldehyde, 5Q 

Forniicidfe (see Ants) 

Formula, empirical, 40; structural, 39 

Fossa, glenoid, 13S 

Fossil horses, 317 

Fossil records in taxonomy, 267. 268 
Fossils, 4^ 8^ 234, 310, 311^ 312, 314, 315, 

316; discovery of, 314; nature of, iilD 
Fourth glacial stage, 336 
Fowls, birth stages in, 201; combs in, 3fi2 
Fox squirrel, migration of, 306; range of, 

292 

France, ancient men of, 336 
Vn'tt cell formation, 70 
Freshwater animals, 283; adaptations of, 
276. 222 

Freshwater eels, migration of, 3QQ 
Frog, 63; female urinogenital system of, 

130-1.11 ; figure of dissection of, 120; 

figure of nervous sy8t<mi, 141 ; male 

urinogenital system of. 131 
Frogs, birth stages in, 203: clas.sified, 274; 

egg carrying in. 200 
Fruitfly, mutations in, 315 
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Funiculus, liX) 
Fusion, liMJ 

Galactase, lifi 
Galen, 10, 11 

Gall bladder, 118, 120, 145, 228; muscles 
of, l.V) 

Gall-forming insects, m, 2S1 

Galliformes, classified, 221 

Galvanotaxis, 2£i& 

Galvanotroptsm, 

Gamboge, 4fi 

Gametes, 90, 174, llfi 

GangUon, 116, 139, IGO, 161j dorsal root, 

142. 222 
Ganglionic masses, 114 
Gar-pike, cleavage in, 21S 
Garter-snakes (see Thamnophis) 
Gas, a glandular secretion, ISA 
Gases, an environmental factor, 283 
Gasteroateus acuUcUua, habitat of, 277 
Gastric glands, IM 
Gastric juice (see Secretion) 
Gastric mucosa, absorption through, 144 
Gastric secretion (see Secretion) 
Gastropoda, classified, 269. 212. 
Ga»lrotheca monticola (see Marsupial 

frog) 

Gastrovascular cavity, 115; of Hydra, 24 
Gastrula, 22Q 

Gastrulation, 220: in Amphioxus, 220; 
in homolecithal embryos, 220; in 
Synapta, 221; in telolecithal em- 
bryos, 221 

Geese, origin of from barnacles, 165 

Gelatin, 32 

Gemmules, 169 

Genera, range of, 290, 221 

Genes, 78, 240, 252; nature of, 255 

Genetics, 22, 23, 27, 69, 239-259; evolu- 
tion and, 257: practical applications 
of, 258-259; race and, 258; scope of, 
232 

Genital system, essentials of, 128; func- 
tion of, 127-130; structure of, 127- 
130 

Genital systems with accessories, 12X 

Genus, defined, 262, 263, 264 

GeofTroy-Saint-Hilaire, 21 

Geographical changes and succession, 2K7 

Geographical distribution, as evidence of 
evolution, 351 : in taxonomy. 267, 
2fiS. (See also Zoogeography.) 



Geography, of Cretaceous time, 353; of 
Permian time, 352 ; of Tertiary time, 
318 

Geological time scale, 315 

Geotaxis, 2S5 

Geotropism, 285 

Gephyrea, classified, 270, 224 

Germ celb, 116. 127, 174, 206. 209, 210, 
236. 237, 23X; early origin of, 206- 
209; immortality of, 236; indepen- 
dence of, 23.")- 238; migration of, in 
vertebrates, 210: mode of discharge, 
128; a reserve supply, 236 

Germinal epithelium, 116, 21Q 

Germ layers, 223 

Giant salamander (see Cryptobranchus) 
Gibraltar, Neanderthal man discovered, 

336 

Gill, 121, 235i an adaptation, 276i eggs 
carried in, 200; excretion through, 
150. 151; external, 233^ internal, 233; 
occurrence of, 121; in respiration, 
148. 142 

Gill arches, 121, 122, (See also Gill bare.) 
Gill bars, m, 227, 235, 350, (See also 

Gill arches.) 
Gill clefts, 221, (See also Gill 

slits.) 

Gill pouches, 226, 22L 235 

Gill slits, 121, 222, (See also Gill clefts.) 

Girdle, pectoral, 137; pelvic, 132 

Gizzard, 117; of earthworm, 112 

Glacial, in time scale, 315 

Glacial stage, fourth, 33fi 

Gland, 59» llOi lili alveolar, 111; com- 
pound alveolar, 111 ; compound tu- 
bular, 111 ; defined, 112; effect of 
secretions, 154, 155: examples of, 
112; innervation of, 163; parts of, 
111; products of, 154, 155; set-retions 
of, 112, 154; simple multicellular, 
111; stimulation of, 161, 162, 163; 
tubular, HI 

Glnncomyn unhrinua, range of, 295. 228 

GLaucomy» volans, range of, 295, 228 

Glenoid fossa, 138 

Glomerulus, 12t2, 152 

Glossozoa, 263 

Glottis, 123 

Glucose, 50, 52 

Glycerin, 52, 14.'i. (Sec also Glycerol.) 
Glycerol, 40, 52, 53, 145] absorption of, 
147. (See also Glycerin.) 
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Glyccropliosphoric arid, Mi. 
(Jlyconen, 57^ 147: oxidation in nmsrles, 
15a 

C;ohIrl rells, lU, 153 

Gtmatls, 12S, 210, 236i relation to peri- 
toneum, LMI 

Oonangium, IM 

(joniatite, 331 : suture of, 33Q 

(ionium, 87i 88, 90j 93; reproduction of, 
190 

(ionium pedorale, SSj 89^ 175 
Cionium sociale, 88^ 8fl 
Gonoductfl, 128 
(kinophores, 99, lllQ 
Gonotheca, 97 

Gojtherm agassizii, range of, 29Q 
(lopherus berlamheri, range of, 290 
Gopherun polyphemun, range of, 29Q 
Gorgonacea, classified, 2^ 
Crt)rillaa, 335 
Grantia, 65 

Gray fox, range of, 292 
(ireeks, 7, 8; ideas of evolution among, 
339 

* Gregaloid colony, S5 
(Iregarinea, 85, 172. 177; spore formation 
in, 178 

Gregarinida, classified, 208 

Grew, Nehemiah, ]A 

Ground squirrels (see Spcnnophilc) 

Grouse, spruce, range of, 2fl2 

Growth, 48, 52 

Gruber, fifi 

Gruiformea, classified, 271 
Guanaro, 32fl 

Guinea-pig, 243; albino, 243; birth stages 
in, 201J black, 213j color in, 243; 
inheritance of color, 243-247; in- 
heritance of rough and smooth coat, 
247-250 ; mutation in, 347; smooth- 
coated, 243. 

Ilnbitat, 3, 316. (Sec also .Xssociations 
and Envinmment.) 

Htrmosporidia, clnssified, 

Iljigfishes, classified, 273; hermaphrodi- 
tism in, IM 

Halibut, mi 

Haly sites, 311 

liapUtzoon lineare, 85, 8fi 

Hare, prairie, range of, 292 

liartiiful characteristics, .'ifiO 

Harvey, William, 12, 13 



Head of sperm, 215 

Ii»««rt, chambers of, 1 23-1 25; contnd of, 
1B.3: four-chaiiibcre<l, 124: must^le, 
156; stnicture of, 123 125; three- 
chamt)ercd, 125; ventricle of, 120 

Heidelberg, 33fi 

Heidelberg man, 3.30 

Heliozoa, 81j classified, 268 

Helminthologist, define<l, 267 

Helodnlu* /(BtiduH, I84i ISS 

Hemiptera, classified, 220 

Hemoglobin, 54. 148. 149. 150, 151 

Heriuvorous animals, 281 

Hereflitarj' characters, Zfl 

Hereditary' constitution, 241 

Hereditary' formula, 241, 244 

Heredity, 23^ 27^ 29, 74, 188, 239; 
cytoplasm in, 255; definition of, 256 ; 
in man, 259; material of, 28] mech- 
anism of, 254; Mendclian, 344 

Hermaphrodite, 184 

Hermaphroditism, 184, 190, 191 ; copu- 
lation in, 191 ; fertilixation in her- 
maphroditic animals, 190 

Hermit crab (sec Eupagurus pubescen ) 

Herpetologist, defined, 5, 267 

Hertwig, Richard, 187; definition of fer- 
tilization, 187 

Hesperomithiforraea, classified, 2Z1 

Heterocuela, classified, 269 

Heteromita lens, 170; reproduction of, 
IM 

Hcteromorphee, 202 
Het«rotricha, classified, 21^ 
Het«roiygot€, 242, Ml 
Heterozygous, 242 
Hexactinellida, classified, 269, 272 
Hexiology, 225 

Higher types, morphology of, 105-142 
Hind limbs, 13Z 
Hippocampus (see Sea horse) 
Hirudinca, classified, '2m^ 223 
Histology, 2 

Holocephali, classified, 270 
Holostei, classified, 220 
Holothurioidea, classified, 269, 2Z2 
Holotrichn, classified, 268 
Homoctcla, classified, 269 
Homo heidelbergetma, Xid 
Homotecithal eggs, 214; cleavage in, 
217-218 

Homolecithal embryos, gastrulation in, 
220 
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Homologous, 233. 

Homolugous chronuwomrs. 240. 211. 242. 
244 

HomoloRy, '2iiS. 34S: origin uf, 234 ; in 
taxonomy, 2fifi 

Homo neatiderthaleums, 33o, 337 

Homozygote, 2i2 

HumozyKoiis, 2i2 

Hooke, Robert, 14^ 18, IS 

Hooker, Joseph, 342 

Hormonefl, 144, 154, 159 

Horse, 319, 333, 351, 358; age indicated 
by tootli pattern, 328; evolution of, 
324-328, 357; evolution of, as casi' of 
orthogensis, 361; relation to envi- 
ronment, 328 

Horses, fossil, 317 

Horse series, 31^2 

Host, 223 

Hump, in camel series, 329 
Huxley, Thomas, 22, 342. 343 
Hyacinth, mitosis in, 77, ZS 
Hybrid, 243 

Hybridization, 256; evolution by, 362 

Hydra, 94, 95, 96, 106, 115, 173, 206; 
absorption in, 146; budding in. 168; 
hermaphroditism in, 190; nervous 
mechanism of, 138; neuromuscular 
cell in, 138; viviparity in, 1115 

Hydractinia, 96, 97, 99j budding in, liiS 

II ydr actinia ecfiinaia, 22 

Hydranth, 97, Ihil 

Hydra oligadis, 184 

Hydra inridiasima, 184 

Hydrochloric acid, in gastric .secretion, 
144 

HydrocoraIlina>, 98; classified, 2filJ 
Hytlroids, ilfi 
Hydrolysis, 52 
Hydrorhiza," 02 
Hydrotropism, 285 

Hydrozoa, 96, 98, 99, 186i budding in, 
168; classified, 260. 272 ; colonies in, 
96-98 

H ijla eviltata, range of, 2S1 
IlyUi ftihrrnanni, carrying of eggs, 200 
Hyla gralioaa, range of, 2111 
Hyla aqnireUa, range of. 290 
Hyla versicolor, range of, 2S>0 
Hymenolepis murina, 102 
Hymcnoptera. liil; cljiasified, 270 
Hyoid apparatus. L15 
Hypertonicity, 1S2 



HypiKstome, 22 
Hy|>otonicity, 187 
Hypotricha, clussified. 2(>8 
Hyracoidea, classified, 221 

Ichneumon flies, disposition of eggs, 198 

Ichthyornithiformes, cljissifietl, 221 

Ileum, LL2 

lUum, 138 

Imbibition, 60^ li2 

Immortality of germ cells, 231) 

Incisors, in elephant series, 320 

Incubation, in birds, 198; in python, 122 

Independence of germ cells, 235-2.1S 

Index fossils, 315, 1^19 

Indian elephant, 321, 322^ 323 

Indirect cell division, 21 

Individuality of chromosomes, 79 

Industrial organization, 92 

Inferential evidence of evolution, 354 

Infusoria, 29, 30, 32, 02, 177, 180] classi- 
fied, 268, 221 

Inheritance, of albinism in guinea-pigs, 
243-250 ; of black color in guinea- 
pigs, 243-250; of rough coat in 
guinea-pigs, 2 47 2r)(); of smixith 
coat in guinea-pigs, 247-250; of two 
pairs of characters, 247-250 

Insect, figure of leg, 134 

Insecta, classified. 270, 223 

Insectivora, classified, 271 

Inswtivomus animals, 280 

Insects, 173; classified, 273; copulatorj' 
habits of, 193; development of eggs, 
195; egg carrying in, 200; egg case 
of, 198; fertilization in, 194; fossil, 
3 1 0 ; gall-forming, 281 ; origin of 
germ cells in, 208; parts firssilized, 
311 ; society formation in, 278; vivi- 
parity in, 195 

Intake in plants, 48 

Intelligence, in choice of habitat, 2S1 ; 

seat of, 162 
lnt«ralveolar substance. 35. 36 
Int<;rcellular cement. 11)9 
Intcrglacial stiige, second. 336 ; third, 336 
Intermarriage of races, 258 
Intermedium, 1.*^ 
Internal gills, 233 
Internal organization, lUS 
Internal secretions. 1.^)4 
Intervertebral cartilage, 136 
Intervertebral foramen, 136 
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Intestine, 116, 117, 210, 225^ 228] of 
earthworm, 119; large, 118, 120; 
small, UT, 12Q 

invagination, Ul, 220, 221^ 224 

Invertasc, 56j lifi 

Invertebrates, age of primitive, 315; di- 
gestive systems in, 116; hermaprodi- 
tism in, 190; levers in, 133-135; 
locomotor systems in, 133; origin of 
germ cells in, 207; oviparous and 
viviparous, 198; parcatal care in, 
2Q1 ; reproductive systems in, 12ft 

Ions, 41, 43, 45, 4fi 

Iron, oxidation of, forming red beds, 219 

Irritability, 65 

Ischium, 138 

Jjjogametes, 175, 12fi 

lao^amy, 17fi 

laolatioa of races, 258 

Isomers, 355 

Isopoda, classified, 270 

Isoptera, classified, 270 

Isosraotic, 46] solutions, 45 

Isotonic, 46] solutions, 4^ 

Java, ancient man of, 335-336 

Jaw, in elephant series, 322; lower, evolu- 
tion in elephants, 320; of Mastodon, 
322 

Jpjnnum, 111 

Jellyfiahes, 106; birth stages in, 202; 

classified, 272: fertilization in, 192, 

194; viviparity in, IM 
Jennings, 61^ 62 
Jurassic, 331; in time scale, 315 

Kangaroos, birth stages in, 201 ; parental 

care in, 201 
Kansas, IH;^ 
Kar^'okinesis, 70, 21 
Keratin, ^ 

Keratosa, classified, 209 

Kidney, 120; blood in, 152: excretion in, 
150, 151; of frog, diagram of, 127; 
in lizard, 195; minute structure in 
fossils, 312; structure of, !2(V-127 

Labor, division of, 84, 91, 92, 102 
Lactase, 146 

Lactic acid, formed in muscles, 158 
Lamarck, Jean Baptiste, 20, 2L 262, 339, 
356, 359 



Lamprey, 219^ 223; classified, 273; cleav- 
age in, 218; telolecithal cmbr>'o of, 
222 

Land animals, fertilization in, 194; 

method of bearing young, 198; 

parental care in, 204, 205 
Language not a racial mark, 225 
Large intestine, 118, 120; digestion in, 

146 

Larva, 202, 206] care of, 204] develop- 
ment of, 203] of swalo-fly, 232; of 
various animals, 202-204 

Larvacea, classified, 220 

Larval organs, 203 

Larynx, 120, 

Learning, revival of, Ifl 

Lecithins, 40 

Leeches, classified, 273; egg case of, IM 
Leeuwenhoek, Antony von, 14, 15, 166 
Leg, an adaptation, 275; of insect, figure 

of, 134; of man, figure of. 124 
Leiolopisma laierale, range of, 291 
Lemming, migration of, 300 
Lens, crystulline, 227, 23Q 
Leopard frog (see Raiia pipieru) 
Lcpas, 351 
Lep<u anatifera, lfi5 
Lepidoptera, classified, 270 
Le puiosteus osseiu, cleuvage in, 219 
Leptinotaraa decemlineata, migration of, 

303, 306 

Leptodactyltu alholabris, range of, 291 
Ix;ptomedusa;, classified, 2fi9 
Ler/uvopoda edioardtii, reactions of, 285 
Leucoplasts, 5Q 

Levers in invertebrates, 133-135 
Ijevulose, 147 
Lice, parasitic, 2Z9 

Life histories involving parthenogenesis, 
181 

Life zones, zodgeographical, 309 

Ligaments, 27, 41^ 12fi 

Light, 164; caused by oxidation of secre- 
tions, 155; an environmental factor, 
282 

Lignin, 32 

Limb girdles, generalized, 128 

Limbs, fore and hind, generalized, 138; 

skeleton of, 137, IM 
Limnadia, nervous system of, 140 
Linear colony, 85 
Lines of evolution, 21ft 
Lines of force, 73, ZS 
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Lingula, 314. 

Ijnin, 32, 3L 38^ 73, 75. 

Linkage, 250, 25L 2iiii 

Linnsean society of London, 2i2 

Linniean system, 263 

Linnaeus, Carolus, 16, 17, 2fVK 2fi2 

Linn6, Carl von (see Linnseus) 

Lipase, 144, 145 

Lipoids, 40. 42, 41 

Lipolytic enzymes, 5fl 

Lister, Ifil 

Lithohius, 172 

Lithobius forfieaiita, \12 

Uver, 11L118, 120j 154, 222, 225, 227. 
228: carbohydrates transformed in, 
147; secretion of, 145. 153: stimula- 
tion of, 146; urea formed in, 151 

Liver fluke, 182, 183] a parasite, 2Zfi 

Lizards, classified, 274; fossil, 310; urino- 
genital system, 125. (Hoc also 
Skink.) 

Llama, 329. (See also Auchenia.) 
Lobosa, classified, 2QS 
Lobsters, 173 

Lock and key hypothesis, 55 

Locomotion, 60, 163: in earthworm, 135: 
symmetry and, 107 

Locomotor system, 114, 133; in inverte- 
brates, liiii 

Loeb, Jacques, 186, ISZ 

Longitudinal muscle, 133 

Long skulls, in Europe, 258 • 

Loose skein, 12 

Loose spireme, Z2 

Lumbar region of vertebral column, 136 

Lumhriculus, 241 

Lunibricus terrestris, 184 

Lung, 120, 12L 122, 22L 228, 229i an 

adaptation, 275; excretion in. 150. 

151; respiration in, 148, 149; types 

of, 122 
Lungfishes, classified, 274 
Lycopods, age of. 3 1 5 
Lyell, Charles, 340i ML 342 
Lymnffia, lfi2 
Lymph, 123 

Lymphatics, fats in, 14Z 
Lymphatic system, 125 
Lymph hearts, 125 
Lymph vessels, 125 

Macrodrili, classified. 
Macrogamctcs, 174, 176j 111 



Macromeres, 218, 219 

Macronucleus, 81^ 178. 17i) 

Macrofiphvm 8anbomi, 181 

Madreporaria, classified, 269 

Madreporite, IM 

Maggots, IM 

Afaia squinado, 140 

Malacostraca, classified, 270 

Malarial organisms, 122 

Mallophaga, classified, 2ZQ 

Malpighi, Marcello, 14, IS 

Malpighian corpuscle, 126. 127. 152 

Maltase, 5(). 145. 146 

Malthus, Essay on Population, 341, IM2 

Maltose, 50. 14.3, 144. 145. 146 

Mammal, bicomuate uterus and urint>- 
gcnital sjTstem, figure of, 133; urino- 
genital system of, 13 [-133 

Mammalia, classified, 271. 274 

Mammalogist, defined, 26Z 

Mammals, adaptations of, 275, 276; age 
of, 315; amphibious, range of, 292; 
birth stages in, 201; classified, 274; 
copulatory habits of, 193; develop- 
ment of eggs, 195; embryo in, 196: 
fertilization in, 194; hermaphrodi- 
tism, 121 ; parental care in, 201 

Mammoth, 310, 31L 322^ 323, 335 

Man, digestion in, 143; figure of leg, 134; 
prehistoric, 335 

Marine animals, 283; adaptations, 276 

Marine hydroids, colonies of, 278 

Marine worms, birth stages in, 202 

Marmosets, 33.5 

Marsupial frog, egg carrying in, 200, 
201 

Marsupialia, classified, 211 

Marsupials, 351. 352: of Australia, 353: 

birth stages in, 201; parental care in, 

201; pouch in, 201 
Marsupium (sec Pouch) 
Mastigophora, 64, 176i classified, 268, 211 
Mastodon, 319, 320, 32L 322, 351i tooth 

of, 322 

Mastodon-elephant series, 319 
Maternal chromosomes, 210, 211, 241 
Matrix, 27, 41 

Maturation, 174, 209, 211, 253, 255: com- 
parison of, in male and female, 213; 
first division in female, 212; first 
division in male, 211: in Protozoa, 
180: second division in female, 213; 
second division in male, 212 
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Maturation division, first in feiuule, 212; 

first iu male, 211 ; 8«'coiid in female, 

213; second in male, 212 
Maturation spindle, 215 
Mature egg, 21_L 2111 
Mechanism, of development, 235-23S ; 

of heredity, 254; of mitosis, 79-80; 

of mutation, .M/ 
Mecoptcra, claasified, 22Q 
Medulla oblongata, 120; functions of, 

im 

Medullary sheath, IfiO 

Medusa, 97^ 90i 180; of Bun^aininlUa 

ramosa, 96 
Megapodes, disposition of eggs, 198, 199 
Membranous labyrinths, 349 
Memory, 162 
Men, prehistoric, iijiZ 
Mendel, (Iregor, 23. 251. 252 
Mendelian heredity. 344 
Mendel's law, 251, 252, 
Meridional cleavage, 217. 218 
Merozoites, 122 

MerychippuR, 324, 325. 320, 327; skull of. 

327: tooth of, 32fi 
Mesentery, 115. 110. 21il 
Mesoderm, 115, 221, 222, 223, 224, 225, 

228, 220; formed by delauiination, 

223 

Mesfwlennal pouch, 222 

Mesoderm formation, 221-223; in Am- 

phioxus, 222 
Mesoglopa, 65, 12Q 

Meaohippus, 324, 325, 327; skull of, 320; 

tooth of, 326 
Mesozoa, claasifie<l, 270. '274 
Mesozoic, 332, 352. 35.3 ; in time scale. 

315 

Metabolic activities, 00; influenced by 

secretions, 1.54 
Metabolism, 47, iS 
MetacHrpals, m 1311 
Metagenesis, KSG 
Metamer<'s, 108 
Metameric animals, 108 
Metameric arrangement, modifications 

of, im 

Metanjcrism, 108; interprete<l, HM 
Metanmrphosis. 200, 231-233: in invert*'- 

bratcs, 23 1 ; in vertebrates, 2112* 

(Si'c also Larva.) 
Metaplin.se. 71, 74, 22 
Metatarsals, 138, liiD 



Metazoa, 172, 175; colony formation in. 
90, 100; fertilization in, 180; organi- 
zation in, 04 ; sexual reproduction in, 
MA 

MiiiKtor, 18L 182, 209 
Mumlor ainericatut, 182 
Mice, birth stages in, 201 ; mutations in. 
Ml 

Michigan rainfall, 224 

Microdrili, chissified, 2611 

Microgamete, 174. Ufi 

Mi<!romere8, 218. 219 

Micronu<-lciLs, 81, 177. 178. 179. im 

Microorganisms. 1<>0 

Micropyle, in egg of Musca, 215 

Micn)sc(tpe, 7, 13, 15, 10^ 165 

MicrotuH montnnm, migration of, .'^)1 

Mid«ile ear, 220, 2^0 

Mid-jjiece of sperm, 216 

Migration, i)arriers to, 305; of birds, 300; 
of dants, 30:^ ; of environment, 317: 
of extinct animals, 310. 317; a factor 
in distribution, 300; of fox squirn'l, 
300 : of freslmater eels, 300; of 
lemming. 300; of Ij€ptiiiotar»a dccrm- 
linrata, 303, 300; of Microlus mon- 
tonuH, 301 ; normal, 301 ; periodic, 
3(M): of protophusmic substances, 80j 
of sand grouse, 300; sporadic, 300 

Milk, a glandular secretion, 154 

Milk tei'th, 323 

Mimic (see Mimicrj') 

Mimicry, butterflies, 280; Cetnophora 
coccimn, 280; coral snake, 280; 
syrphid flies. 280: wasps, 2M 

Miniature wing in Dros<»phila, 345 

.Miocene, 319, 321, 324, 325i in time scale. 
315 

Miraciilium, 182, 1S3 
Mites, parasitic, 279 

Mitosis. TOj 175; electromagnetic ex- 
planation of, 79; generali/e«l account 
of, 71-80; intranuclear. xS^ mechan- 
i.sju of, 79^80; in Protozoa, Mj 
significance of, 78] variations in. 
7<t-7>t 

Mitotic .spindle, origin of, Zfi 

Mitntconm cirrnta, lOti 

Model (see Mimicry) 

Maritherium, 31<L Ml 321 

von Mohl. Hugo, 26 

Moisture, an »-nvironmental fact»)r, 2Js3 

Molar tet'lh, in Pala"on)a8t<jdon. 320 
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Molds, 312, ai3 

Molecules, 43, 44^ 4^ ifi 

Mollusca, 173, 330] classified, 269, 2Z3 

Molluscan type, IS 

Mollusks, 187; classified, 273; parts fos- 
silized, 311 
Melolhrus ater, 12 
Monaxonida, classified, 269 
Mondino da Lwszi, 10. .11 
Monkeys, 335 
Monocystis, 172, 177 
Monodclphia, classified, 2Z1 
Monuicious, IM. 
Monogenea, classified, 2fi!l 
Monotrcmata, classified, 221 
Morgan, T. 3M 

Morphology, 1^ 2, 6] of the cell, 25-42: of 
higher types, 105-142; in taxonomy, 
268 

Moss animals, 121 
Motion, voluntary, 162, lfi3 
Motor neurons, 160, liii 
Motor root of spinal nerve, 23Q 
Mouse, northern jumping, range of, 202 
Mouth, 116, 117, 120, 220, 228] diges- 
tion in, 143, 144; of carthworni, 1 19 
Mouth cavity, 112 

Movement, amceboid, 60, 61, 62, 73j of 
chromosomes, explanation of, 73] 
ciliary, 60, 62, 63] involuntar)-, 163; 
protoplasmic, 

Mucin, 110; in salivary secretion, 144. 153 

Mucosa, 95] in duodenum, 145; gastric, 
144; in small intestine, 146 

Mucus, 110; in saliva, 144; secretion of, 
153 

Mud, origin of animals from, KWi 

Muellerian duct, 132 

Mvillcr, Johannes. 263 

Musca, egg of, 125 

MuHcicapa, sperm of, 21ii 

Muscle, 112, 120, 133, 136, 156] in ar- 
teries, 156; circular, 133. 156; con- 
traction of, 156] control of, 162, 163; 
cytoplasm of, 157; of digestive tract, 
156: fibrilla; of, 156, 157, 158i in 
gall bladder, 156; glycogen in, 158; 
of the hair, 163l b^art, 113, 156] in- 
voluntar>', 156; lactic acid formed in, 
158; longitudinal, 133. 156; ner\'e 
endings of, 163; nuclei of, 156. 157; 
oxidation in, 158; of setje, in earth- 
worm, figure of, 134: sheath, 157; 



smooth, 112, 156; striated, 112. 113 
156, 1.57; structure of cells, 156; in 
urinary bladder, 156; in veins, 156; 
of the viscera, 163; voluntary, 1 13, 
156 

Muscle cells, 6Q 

Muscular contraction, 61] influenced by 

secretions, 154, 155 
Muscular fibrils, 65 
Musj'ular system, of earthworm, 119 
Muacular tonus, influenced by secretions, 

154 

Musk ox, range of, 289 
Mussels, egg carrying in, UliL (See also 
Clams.) 

Mustelus tnuatelus (see Sharks). 

Mutability of species, 22 

Mutation, 257, 344i 346, 355, 35Li 363; 
chromosomes in, 355; direction of, 
360; in Drosophila melanogaster, 345 
in guinea-pigs, 347; mechanism of, 
347; in mice, 347; in Oenothera, 345; 
346. 347, 348; proteins in, 355 

Myococle, 223 

Myonemes, 65, 155, 156 

Myotome, 115, 116, 210, 223 

Myriapoda, classified, 270, 213 

Mysidacea, classified, 22Q 

Mystacoceti, classified, 221 

Myxine, hermaphroditism in, IflQ 

Myxinoidea, classified. 220 

Myxomycetcs (see Slime-molds). 

Myxosporidia, classified, 268 

Narcomedus«5, classified, 2fi9 
Nasal aperture, 12Q 
Nasal openings in elephant series, 320 
Natural selection, 22, 252, 341^ 342, 343, 
359 

Nature of fertilization, 182 
Nature of fossils. 310 
Nautiloid, 173, 330; suture of, 33Q 
Nautilus, 330, 332 
Neanderthal man, 336 
Nebaliacca, classified, 2ZQ 
Nebraska, 183 
Nectocalyccs, 99 
Necturus, 122 

Nemathelminthes, 116, 172; classified, 

269. 222 
Nematocysts, 99 

Nematomorpha, classified, 270. 274 
Nemertinea, classified, 270, 274 
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Neornithes, classified, 271 
Neosporidia, classified, 2liS 
Nephridia, 126; of earthworm, Hfl 
Nephroetome, 126, 127 
Nereis, 175, 2M 

Nerve, 114, 116, 229; cranial, 141j spinal , 
origin by two roots, 142; spinal, 
roots of, 229 

Nerve cells, illustrated, IM 

Nerve endings, sensor}', 163. 164; in 
cells of ears, 164 ; in cells of eyes, IM ; 
in cells of olfactory epithelium, 164; 
in taste buds, IM 

Nerve ring, 13fl 

Nervous control, 15fl 

Nervous mechanism of Hydra, 128 

Nervous system, 114, 139; of Annelida, 
139; of Arthropoda, XW.oiAHiacusflu- 
tfialilis, 140; autonomic, 163; central, 
114. 163, 164. 229: centralisation in, 
139; in Ccelenterata, 139; early de- 
velopment of, 226; of earthworm, 
119; of flatworms, 139; of the frog, 
figure of, 141; functions of, 160; 
of Limnadia, 140; of Mata sguinado, 
140; of roundworms, 139; sympa- 
thetic, 141, 163; unit of structure 
of, 159i of vertebrates, 140-142 

Nervous tissues, 108. 114 

Nests, 198^ of birds, 198] of fishes, 1S& 

Net-knots, 37, 71^ 2& 

Neural arch, I3fi 

Neural canal, 13B 

Neural crest, lUi, 210, 224, 229, 23Q 

Neural fold, 224, 22a 

Neural groove, 223, 224 

Neural spine, IM 

Neural tube, US, 222 

Neuromuscular cells, 139; in Hydra, 12& 

Neuron, 142, 159, 160, 161, 162, 163; 

activator, 160, 161j motor, 160, 161; 

sensory, 160, 161 
Ncuroptcra, classified, 270 
Neutral characteristics, 260 
Neutral red, 5& 
Nitella, M 

Nitrogen, excretion of, \51 
Nomenclature, 264; binomial system of, 

17, 264: citation of names, 265: 

codes of, 21M; rules of, 2M. 
Normal eye in Drosophila. 345 
Normal wing in Drosophila, 345 
Northern jumping mouse, range of, 21i2 



Nostril, 231 

Notch wing in Drosophila, 345 
Notochord, US, 116, 210, 222, 223, 224, 
225. 22E 

Notophtkalmus mridescena, copulatory 

habits in, 122 
Nuclear membrane, 32, 37, 2fi 
Nuclear sap, 32;^ 37 
Nucleins, 39 

Nucleolus, 32, 38, 70, 71, 72, 80, 114, 214 

Nucleus, 31, 32. 66, 80, 171, 214] dis- 
tributed, 32] in muscles, 156, 157; 
position of, 68] relation to metabolic 
activities, 66-69; shape of, 21 

Number of chromosomes, 23 

Nutrient substances, 53 

Nutrition, influenced by secretions, 154 

Obelia, 96, 97, 99, 186] budding in, 168, 
169 

Objectives, 15 

Oblique illumination, 2fi 

Observation, 11 

Octopods, classified, 223 

Odonata, classified, 270 

Odontoceti, classified, 271 

Odors, glandular secretions, 154 

(Ecology (see Ecol(^y) 

(Enothera, 257, 346. 347; aa a complex 

hetcrozygote, 363; mutation in, 345, 

346, 347, 348 
(Enothera gigaM, 347 

(Enothera •pralincola^ 347. 348; mutation 
formosa, 347; mutation laiijolia, 347; 
mutation nummularia, 348 

(Enothera Reynoldsii, mutation hilonga, 
346; mutation debilis, 346 

Oils, 40 

Oken, 19, 262, 263 
Oleic acid, 52 
Olfactory epithelium, IM 
Olfactory organ, 231 
Olfactory pit, 222 

Oligocene, 319, 321, 32£ 325: geography 

of, 318; in time scale, 315 
Oligochajta, classified, 2fili 
Oiigoclia)te worms, 173 
Onychophora, classifie<i. 270. 223 
Oocyte, primary, 211, 212. 213: second- 

ar>', 21L 2i3 
Odgenesis. 209i 211 '^1'^-2I3 
Oogonia, 209, 211^ 212 
oogonium, 212 
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Odeperm, fid 

<)dtid, m 

Ootype, 129, ISQ 

Opalina ranarum, 122 

Operculum, 122, :£13 

Ophitiroidea, clttasified, 269, 222 

Ophthalmozoa, 263 

Opiathobranchia, classified, 2fiil 

Opisthocnelous vcrtebrw, 132 

Opossum, birth stages in, 201 ; parental 

care in, 201 ; ran^c of, 292; sperm of, 

21fi 

Optic lobe, 120j Ml 

Optic nerve, 227^ 23Q 

Optic stalk, 222 

Oral aperture, 103, IfiS 

Orbit, in camel series, 329 

Order, in taxonomy, ^ 263, 2M 

Orders, range of, 221 

Ordovician, 330; in time scale, 315 

Organism, 22 

Organization, 92i 93^ in animals, 93; 

industrial, 92^ internal, lOH; in 

metazoa, M 
Organogeny, 224 ; in the vertebrates, 223- 

235 

Organology, IM 

Organs, 96i function of, 143: larval. 203; 
physiology of, 143; of special sense, 
163, lfi4 

Origin of animals from mud, 11^5 
Origin of mitotic spindle, Zfi 
Origin of Species (Darwin), 22, '.iAl 
Oriole, Baltimore, range of, 292 
Ornithologist, defined, 5, 262 
Orthocone, suture of. 33Q 
Orthogenesis, 300, 361, 3fi2 
Orthoptera, classified, 2ZD 
Osculum, 170 

Osmosis, 44, 46. 46, 57, 142 
Osmotic pressure, M, 45. Ifi 
Ostracoda, classified, 270 
Otozoa, 263 

Ova, 128, 174; parthenogenetic, 1S2 
Ovary, 128, 122. 2361 of earthwonn, 119; 

eggs fertilized in, 196; in lizard, 125 
Over-growth, 221 
Ovicells, 100, 101 

Oviduct, im 121», of earthworm, 
119; in lizard, 195: opening of. 128 

Ovi parity, 195. 205; in aquatic animals, 
204; in invertebrates^ 198; locus and 
nutrition of embryo in, 195. 196; 



parental care in, 201 ; relation to 
place of fertilization, 198; in verte- 
brates, ia& 

Oviposition (see Eggs) 

Ovisac, 128 

Ovoviviparity, 195: in lizard, 195; locus 
and nutrition of embryo in. 195, 196, 
197; relation to plai*c of fertiliza- 
tion, 198; in reptiles, 125 

Ovum, 174. 170. ISQ 

Owl, burrowing, range of, 292 

Oxalic acid, 59 

Oxidation, 68] of iron, forming red beds, 
319; in muscles, 158; producing 
light, 155; rate of, after fertiliza- 
tion, 187. (See also Fata and Pro- 
teins.) 

Oxygen, 50, 57, 58] in arterial blood, 149; 
in capillaries, 150; carried in plasma, 
149: combination with hemoglobin, 
149; mechanism of collection and 
transportation of, 148; in placenta, 
1 9.5 ; re<iuirement of animals, 14b; 
in venous blood, 149 

Oxyhemoglobin, 149 

Oxytricha, 66, 68 

Oysters, 12a 

Pi, 243 

Pfedogenesis, 181; bisexual, 181; parthe- 
nogenetic, 181 
Pain, 16L 1B3 

PaUeomastodon, 319, 320, 321 
Paleobotany, 6, 310 
Paleontological evidence, 332 
Paleont<)!ofry, 4, 6, 310-338; bearing on 

relationship of living animab, ii^H 
Paleozoic, 319, 332; in time scale, 315 
Paleozodlogy, 310 
Palmitic acid, 52 
PalpiRradi, classified, 270 
Pancreas, 118, 120. 146, 154x 22L 228: 

secretion of, 153, 159; stimulation of, 

144 

Pancreatic juice (see Pancreas) 

Pandorina, 8L 88, 90, 93 

Pandorina morum, 88, 89, 176 

Pangenesis, 342 

Papilio philenor, food of, 281 

Paramecium, 61, 62, 66, 81, 85, 91^ 93, 
107. 172. 180; classified, 2Ilj con- 
jugation of, 178-180; reproduction 
of, 190 
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Paraaite, defined, 278; kinds of, 270 
Parasitic worms, claHiiificd, 272. 274; 

copulation of, ia3 
Parasitism, 275, 27L 278i external, 279: 

internal, 2Z9 
Parathyroid, 22S 

Parental care, 201, 205; in aquatic 
animals, 204, 205; in birds, 201 ; in 
fishes, 201. 204; in invertebrates, 
201; in kangaroos, 201; in land ani- 
mals, 204. 205: in mammals, 201; in 
marsupials, 201 ; in opossums, 201 : 
in oviparous forms, 201 ; in relation 
to amphibious habits, 204; in rela- 
. tion to birth stages, 204; in reptiles, 
201 ; in sea urchins, 198; in starfishes, 
198; in viviparous forms, 201 

Parthenogenesis, 180, 181^ 186^ ^Ti in 
ants, 181; in aphids. 181 ; artificial, 
186-187; in bees, 181; in Coccida*, 
181; in Crustacea, ISl ; in Hymenop- 
tcra, 181; life histories involving, 
181; in plant lice, 181 ; in r<»tifors, 
181: in thrips, 181; in Thysanuptera, 
181 ; in wasps, 181 

Parthenogenetic agents, ISl 

Parthcnogcnctic ova, 1S2 

Parthenogonidia, 90, iil 

Partial dominance, 244 

Partridges, birth stages in, 201 

Passcriformes, cIaMifie<i, 271 

Pasteur, Louis, 166, IfiZ 

Paternal chromosomes, 210, 211, 211 

Pauropoda, classified, 220 

Pea comb, 3fi2 

Pectinibranchia, classified, 269 

Pectoral girdle, 137, IM 

Pcdipalpi, classified. 270 

Pclecypoda, classified, 269. 223 

Pellicle, 29, 30, 32, 42 

Pelvic girdle, 132 

Penial pouch, 129, 130 

Penis, 129. 130, 133 

Pcnnatulacea, classified, 2fiQ 

Peiwin, 56; action of, 144 

Pepsinogen, action of, lil 

Peptic enzynies, 56 

Peptones, 144, 145, lifi 

Peranc^ma, flagollum of, 1^ 

Pericardial chamber. 228 

Perigoninui9 scTfieiin, 106 

Peripatus, classified, 273 zr 

Pcrisarc, 22 



Perissodactyla, classified, 221 
Peritonea! cavity, 1 15 
Peritoneum, 115, 130, 225, 2^ 
Peritricha, classified, '2S&. 
Permanent teeth, 323 
Permeability, 28. 42, 42 
Permian, in time scale, 315 
Permian time, geography of, 352 
PeromcdiLSfiD, classified, 2fiSl 
Petrifaction. 312 
Petromyzontia, classified, 270 
Phalanges, 138, \2Q. 
Phalangidea classified, 270 
Phanerocephala, classified, 26Q 
Pharynx, 103, 116, 117, 121^ 169, 226. 

227; course of water through, 227; of 

earthworm, llfl 
Philosophic Zodlogique (Ltimarck), 'ii, 
Pholidota. classified, 271 
Phoronidca, classifie<l, 270. 274 
Phosphates, excretion of, 15Q 
Photosynthesis, 49, 50, 58 
Phototaxis. 2SSl 
Phototropism, 285 
Phyllopoda, classified, 270 
Phylum, in taxonomy, 26^^. 264 
Physalia, 99, IDQ 

"Physical conditions, changes in, 305 

Physics of protoplasm, 3& 

Physiology, 2,6,12,24,27, 28, 29, 43; 

of ceils, 42, 43-69; of organs, 143- 

164: in taxonomy, 2fiK 
Physiology of organisms, 275; afTcct<«d 

by environment, 276; relation to cc- 

oiogy, 288 
Phytogeography, 6 
"Piitdown man, 'X\kS 
Pino marten, range of, 222 
Pink eye color in Drosophila. 3lil 
Pipe-fish, egg carr>'ing in, 201 ; {Mjuch in, 

201 

Pisces, classified, 270, 273 
Piscivorous animals, 2S() 
Pitheca fU hrupuji crcdug, 336. .'^37 
Pituitary gland, IM 

Placenta, 195; capillaries of. 196; fetal, 
196; maternal, 196: oxygen in, 195; 
in shark, 12Z 

Planaria. classified, 222 

Plant cell, in dcmoustmtion of osmosis, 

Plant lice, l&l; enslaved by ants, 280; 
viviparity in, IQIi 
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Plnnta, chemical elements in, 48; an 
envirunmental feature, 277. 281. 282 
Planula, IM 
Plaama, oxygen Ln, 
Plasmolyzed celb, 67 
Plastids, 32^ 33, 2iiii 
Plato, a 

Platyhelminthes, 116i classified, 269, 222 

Plecoptera, classified, 22Q 

Pleistocene, 320, 321, 323, 324, 325, 328. 

329. 33ft; in tinie scale, 215 
Pleodorina, 87, 89, 90, 93, 176, 2Qfi 
Pleodorina califomica, 89 
Pleodorina illinoisensis, 89 
PlesUodon fcuciatwi (sec Skink) 
Pliny, 9 

Pliocene, 320, 321, 324, 325, 329] in time 

scale, 315 
Pliohippus, 324, 326. 322 
Pneumatophore, 98, 3fl 
Poebrotheriuin, 3211 
' Pbisons, glandular secretions, 154 
Polar body, 174, 211, 2l5i first, 213; 

second, 212 
Polarity, 34, 89 

Pole, 74; animal, 213, 215, 220} vegeta- 
tive, 213, 215 

Political units, 335 

Polychosta, classified, 269 

Pblychffite, 101 

Polycladida, classified, 269 

Polygyra cdbolabris, hermaphroditism in, 
101; sexual organs in, 191 

Polymorphism, 97^ 98, 100, 102, 228 

Polypeptides, 51 

Polyphemus, sperm of, 216 

Polyplacophora, classified, 262 

Polyps, 97, 99, 186] classified, 222 

Polyatomella, 66, 68 

Porcellana, sperm of, 216 

Porifera, 64, 100] classified, 269, 222 

Porocytcs, 112 

Portuguese man-of-war, 99, IQQ 
Post^-aval vein, 132 
Posterior, 105 

Postesophageal commissure, 140 
Potato beetle (sec Leptinotarsa) 
Pouch, brood, in marsupial frog, 200. 201; 

in marsupials, 201; in pipe-fish, 201; 

in sea horse, 201; in swamp- wallaby, 

202 

Prairie chicken, range of, 292 
I*rairie faunas, 281 
28 



Prairie hare, range of, 292 
Precocial forms, 201. 203 
Prccoracoid, 137. 13S 
Pr«da<5eous habits, 277, 280, 282 
Preference for environmental conditions, 
7SA 

Prehistoric man, 335. 
Pressure, 163 

Primary oficyte, 211, 212, 213 

Primar>' spermatocytes, 210. 211 

Primates, 335j classified, 221 

Primula, Chinese, 256 

Priority, law of, 265 

Proboscidea, classified, 211 

Proboscis, of Elephas, 323; evolution of, 
in elephants, 320; in Palsomasto- 
don, 320: in Trilophodon, 322 

Procollariiformes, classified, 271 

Procoelous vertebra;, 137 

Procyon lotor, range of, 297 

Proglottis, 101; of tapeworm Protco- 
ccphalus, figure of, 120 

Prong-horn antelope, range of, 'I\yi 

Pronuba yuccasdla, 282 

Prophases,. 21 

Prosecretin, 146 

Prostomium, of cartliworm, 110 

Protandrous animals, 190 

Proteins, 39, 40, 42, 50, 51, 52, 53. 54. 57; 
absorption of, 146; assimilation of, 
146; conversion of, 144, 145; diges- 
tion of, 144, 146; in mutation, 355 ; 
oxidation of, 150; in protoplasm, 3^ 
synthesis of, liO 

Protwcephalus, 129; figure of proglot- 
ti3, 129 

Proteolytic enzymes, 56 

Proteoses, 144, 145 

Proterozoic, in tinje srale, 315 

Protobranchia, classified, 269 

Protogynous animals, 100 

Protonema, 254 

Protonephridial system, 125 

Protonephridium, 125, 126 

Protophyta, 03 

Protoplasm, 25,26,29,3L36,39,41,42, 
46, 187; chemistr>' of, 38; colloidal 
nature of, 37; a colloidal system, 41_; 
contractility, 155; physical and 
chemical processes of, 43-47; physics 
of, 38 

Protoplasmic movement, 60 
Protoplasmic substances, migration of, 80 
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Prototheria, classified, 271, 274 
Protozoa, 26,29,3L32,3;i,34,38j57, 

85, ya. %^ K)2, 100, 168, ITIj 

172. 176, 174, 175, clastiified, 268. 
271; fission in, 121 ; possible matura- 
tion in, 180; rejuvenation in, 180; 
reproduction of, 190; sexual repro- 
duction in, 175; significance of 
fertilization in, 18Q 

Protozoologist, defined, 2fiZ 

Protylopus, 329 

Provinces, zodgeograpliical, 309 
Prussia, ancient men of, 23fi 
Pseudacris feriartim, range of, 3Q8 
Pseudncris ornaia, range of, 308 
Pseudopodium, 30, 61^ 62 
PSychozoic, in time scale, SIS 
Ptyalin, 56, 143. 144, Ufi 
Pubis, m 

Pulmonary circulation, 124 
Pulmonata, classified, 269 
Pupa, 232^ of swale-fly, 232 
Purkinjc cells, 114 
P>'lorus, 117, 12Q 
Pyrosoma, lOlj 102^ 103, Ifift 
Python, incubation in, iliil 

Quail, extinction of, 3QZ 
Quaternary, in time scale, 315 
Queens (bees), ISl 

Ilabbit, birth stages in, 201 ; snow shoe, 

range of, 202 
Raccoon (see Procyon lolor) 
Race and genetics, 258 
Race and history, 258 
Racial unity, 235 
Radial canals, 100 
Radiale, m 

Radial symmetry, 105. 106 
Radial type, IS 
Radiolaria, classified, 2fiS 
Radius, 138, m. 

Rainfall in Michigan, 294; in environ- 
ments, 294, 305 

Rain marks, fossil, 313 

Raji, classified, 2Z0 

Rana pipierts, range of, 297 

Range, of amph bious animals, 292; of 
aquatic forms, 297; differences in 
continuity of, 289, 291 ; differences 
in physical conditions in, 289, 292; 
differences in position of, 289; dif- 



ferences in proximity of, 289, 299; 
extended by normal migration, 304; 
of families, 290, 291 ; of forest ani- 
mals, 292, 294i of genera, 290, 291; 
of orders, 221; of plains animals, 292, 
294; of prairie animals, 292. 294; re- 
lation to major environments, 297; 
of species, 290, 291 ; of terrestrial 
forms, 297 ; of various animab, 289- 
294 

Ratios, accuracy of, 24Z 
Ray, John, 16, 261, 2fi2 
Rays, classified, 223 
Reactions and habitat, 2M. 
Realms, zo6geographical, 3Qfi 
Recapitulation theory, 234. 
Recent, in time scale, 315 
Receptacle, seminal, 128, 120. 130. 185 
Roceptaculum seminis 128. 129, 130 
Recessive, 244. 
Rectum, 118 

Red beds, 318j 319] Amphibia in, 319; 
reptiles in, 310 

Red-headed woodpecker, range of, 292 

Redi, Francesco, 165^ Ififi 

Redia, 182, IS3 

Reduction, 212, 242 

Reduction division, 2n, 212, 253 

Reflex action, 161, 162 

Reflex arc, 160, 162 

Regeneration. 66; in Stcntor, 62 

Regions, zougeographical, 309 

Rejuvenation in Protozoa, 180 

Relations, of animals to plants, special- 
ized, 2S2 

Relationships of living animals, bearing 
of paleontology on, 331 

Rcmak, Robert, 2Q 

Renal portal vein, 122 

Ronnin, action of, 144 

Reproduction. 60, 165-187; asexua , 168; 
combined types of, 186; conditions 
of, 189; early ideas of, 165; in Eudo- - 
rina, 190; in Gonium, 190; in Heler- 
omita lens, 190; in Paramecium, 190; 
in Protozoa, 190; rate of, in earth- 
worms. 303; sexual. 90, 168, 173, 186; 
sexual, defined. 189; unisexual. 181 ; 
in Volvox, 190; in Vorticella, 190. 
(See aW) Copulation, Fertilization, 
Eggs, etc.) 

Reproductive organs of earthworm, dia- 
gram of, 12S 
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Reproductive systems in invertebrates, 
122 

Reptiles, 332, 335; age of, 315^ 332;ropii- 
latory habits of, 193: fertilization 
in, 194; hermaphroditism, 191; ovo- 
viviparity in, 195; parental care in, 
201; in red beds, 3m 

Reptilia, classified, 271^ 274 

Respiration, 57^ 58, 148; in Amoeba, 150; 
control of, 163; external, 150; gills 
in, 148, 149; in Hydra, 150; internal, 
150; lungs in, 148, 149; movements 
pertaining to, 148; in Paramecium, 
150; physical theory of, 149; skin 
in, 147; trache® in, 148 

Respiratory apparatus, relation to circu- 
lation, 12a 

Respiratory organs, accessory, 123 

Respiratory system, 114; conditions 
necessitating, 120: relation to cir- 
culatory system, 120; types of, 121 

Reticular theory, 3Z 

Retina, 227^ 23Q 

Revival of learning, Ifl 

Rhahdocrcle turbellarian, figure of, 117 

Rhabdoccelidu, clatwified, 269 

Rheiformes, classified, 271 

Rhinozoa, 2fia 

Rhizopoda, 30, 175, 180i classified, 268. 
221 

Rhynchocephalia, classified, 211 
Ribbon snakes (see Thanmophis) 
Ribs, 135 

Rinderpest, a cause of extinction, 307 

Rodentia, classified, 211 

RAle of sperm in fertilization, 187-188 

Rose comb, 3^ 

Rotation, 61 

Rotifera, 172] classified, 270, 221 
Rotifers, 181. (See also Rotifera.) 
Rough coats in guinea-pigs, 247-250 
Round skulls, in Europe, 25& 
Roundworms, 172; classified, 272; ner- 
vous system of, 139 
Rudimentary wing in Drosophila, 345 

Sacculina, 349, 360, 351 
Sacral region of vertebral column, 13fi 
Hagitta, origin of germ cell in, 207 
Salamander, 76j 183; cell-bridges in, 34; 
classified, 274; congregation of sexes, 
192; disposition of eggs, 198; fer- 
tilization in, 102 



Salientia, classified, 221 
Saliva, 142 

Salivary digestion (see Digestion) 
Salivary glands, 143; secretion of, 143, 
144 

Salts, 41^ 42j in protoplasm, 
Salvelinxut fontinaliH (see Brook trout) 
Sand dollars, classified, 222 
Saponin, 1H7 
Sarcode, 2fi 
Sarcolemma, 113, 157 
Sarcoplasm, 113, l.'>7 
Sarcosporidia, classified, 268 
Sarcostylc, 113, 157, IM 
Scale insects, 181 
Scaphioptts couchii, range of, 290 
Scaphiopus hammondii, range of, 290 
Scaphiopua holbrookii albug, range of, 290 
Scaphioptta holbrookii holbrookii, range of, 
29Q 

Scaphiopua hurterii, range of, 29Q 
Scaphopoda, classified, 269, 273 
Scapula, 13& 

Schleiden, Matthias, 19, 25, 29, 2Q 

Sehultze, Max. 20, IM 

Schwann, Theodor, U)^ 25, 28, 29, 70, IM 

Sciences, zoological, 6, 12 

Scorpionidoa, classified, 2ZQ 

Scyphozoa, classified, 269^ 222 

Sea anemones, IDS 

Sea cucumbers, 173; classified, 222 

Sea horse, egg carr>'ing in, 201 ; pouch 

in, 201 
Sea lilies, classified, 272 
Sea urchin, 172. 187; birth stages in, 202; 

classified, 272; congregation of, 278; 

fertilization in, 192: lack of parental 

care, IflS 

Sebaceous materials, glandular sccreiions, 
IM 

Secondary oocyte, 211, 213 

Secondary sexual characters, develop- 
ment of, influenced by secretions, 154 

Secondary spermatocytes, 211, 212 

Second filial generation, 244 

Second iiitor-glacial stage, 336 

Second maturation division, in fi^male, 
213; in male, 212 

Second polar body, 213 

Secretin, 144, 145, 146, 150. 

Secretion, 59] of adrenal glands, 154; 
diversity of glandular, 154; of gas- 
tric glands, 144, 146, 153; glands of 
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internal, 154; of liver, 145. 153; mode 
of discharge, 153; mucous, 153; oily, 
153; origin of, 153; of pancreas, 153. 
159; performed by cytoplasm, 153; 
of salivary glands, 143; of sexual 
glands, 15^1; of small intestine, 145; 
of thymus, 154; of thyroid, 154 

Secretions, 59; acids, 154; effects of, 144, 
146, 153, 154, 159; electric current, 
155; gas, 154: of glands, 112; causing 
light, 155; milk, 154; odors, 154; 
poisons, 154; sebaceous materials, 
154; sepia, 154; silk, 154; wax, IM 

Secretory cells, IIQ 

Sections, in taxonomy, 2fi4 

Segmentation, 187, 217 

Segments, W&. 

Segregation, 242^ 219, 251 ; of genes, 244 

Selachii, classified, 270 

Selection, natural, 359; sexual, 353 

Self fertilization, 186, \M 

Semicircular canals, 230. 349 

Seminal receptacle, 128^ 129^ 130, 185; 
of earthworm, LL2 

Seminal vesicle, I2O3 131j of earth- 
worm, lis 

Semipermeable membrane, 44, 45. 46, 42 

Sensations, of vari(ms kinds, 163, 164. 

Sense organs, special, 163 

Sensory cells, 162 

Sensory neurons, 160, 161 

Sepedon ftiscipennis, 232 

Sepia, a glandular secretion, 154 

Septft. 108. 115, 331i of cephalopoda, 33Q 

Septibranchia, classified, 26il 

Series, mastodon-elephant, 319 

Serranus, 191; fertilization in, IM 

Seta and muscles in earthworm, figure of, 

m 

Setie, 133; pivoting of, 135 
Severino, 12 

Sex, determination of, 239, 252, 253 
Sexes, congregation of, in various ani- 
mals, 192 
Sex-linkage, 254 

Sexual glands, secretions of, 154 

Sexual impulse in society formation, 27S 

Sexual organs, growtli of influenced by 

secretions, 154; in lizard, 195: in 

Polygyra albolahris, ISl 
Sexual reproduction, 90, 168, 173, 186; 

extent of, 173: in nietazou, 174: in 

Protozoa, 175 



Sexual selection, 342. .'^59 

Sexual system, 114; function of, 127-K^O; 

structure of, 127-130 
Sharks, classified, 273; embr>'08 of, 197; 

place of development of eggs, 196; 

placenta of, 132 
Sheldrake, sperm of, 216 
Shivering, a reflex action, Ifil 
Shrimps, 173; classified, 273 
Siagonofion humilis, range of, 309 
Siberia, mammoths in, 310, 31 1 
Silica, 32 

Silk, H glandular secretion, IM 

Silurian, 332; in time scale, 315 

Simple multicellular gland, HI 

Single comb, 362 

Siphonaptera, classified. 22U 

Siphonophora, ^ budding in, 1R8; 
classified, 263 

Siphonophore, 98] budding in, Ifift 

Sirenia, classified, 221 

Skates, classified, 273 

Skein, close, 71_; oosc, 22 

Skeleton, appendicular, 135, 137; axial, 
135: growth of, influenced by secre- 
tions, 154; of vertebrates, 135 

Skin, in excretion, 150, IM ; ner>'e endings 
of, 163; in respiration, 147; roughen- 
ing of, 161 

Skink, disposition of eggs, 199. 200. (See 
also Leiolopisma.) 

Skull, 135; evolution of, in horse series, 
324; of Eohippus, 326; of Merychip- 
pus, 222; of Mesohippus, 326 

SUiver>-, 275, 277, 280; in ants, 280i in 
plant lice, 2S() 

Slime-molds, colonies of, 278 

Slime tube, 184^ ISS 

Sloth, figure of, frontispiece; habitat of, 

2ai 

Small intestine, 117. 120; digestion in 
(see Digestion); mucosa of, 146; 
secretion of, 145 

Smell, IM 

Smooth coats in guinea-pigs, 247-2.'i0 
Smooth muscle, 1 12 

Snails, 107, 173; classified, 273; copula- 
tory habits of, 193; egg case of, 198; 
fertilization in, 194; hermaphrodi- 
tism in, 190 

Snakes, classified, 274; congregation of, 
278: development t)f eggs, 195 

Snow shoe rabbit, range t>f, 292 
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Soaps, lifi 
Societies, 102 

Society formation, 275, 277, 278; in- 
sects, 278; sexual impulse in, 278 
Soil, an environmental factor, 283, 305 
Solanin, ISZ 

Solanum roatratum, food of Lcptinotarsa 

(see Leptinotarea) 
Sole, \m. 

Solifuga), classified, 270 
Soluble wastes, excretion of, 152 
Solute, M 
Solutions, 44 
Solvent, 44 

Somatic cells, 80, 90^ 91, 169, 200, 208, 

236. 237. 238 
Somites, \S&. 
Sound, IM 

South America, severance from North 

America, 318 
Spallanzani, IM 

Sparrow, grasshopper, range of, 292 

Specialization, 91, 02 

Species, lOj changeability of, 340; fixity 
of, 340; mutability of, 22j range of, 
290, 2lii; relations of, in associations, 
277. m; in taxonomy, 202, 203, 264 

Sperm, 174. 185; head of, 215; mid-piece 
of, 210; r61e in fertilization, 187- 
188; tail of, 21fi 

Spcmiaducal pores, IM 

Sperm aries, 128 

Spermatid, 211, 212, 253 

Spermatocytes, primary, 210. 211; sec- 
ondary, 211^ 212 

Spermatogenesis, 209, 21fr-212 

Spermatogonia, 209, 210, 211 

Spermatogonium, 2QQ 

Spermatophorc, 184, 192, 1113 

Spermatozoa, 14, 129, 174^ 177, 211, 
216; form of, 215-210: path of, m 

Spermatozoon, 174, 175. 212 

Sperm cells, 174 

Spermophile, Franklin's, range of, 292; 

thirtecn-lincd, range of. 2^)2 
Sphenisciformes, classified, 211 
Spherical aberration, IS 
Spheroid colony, 85, 87-90 
Spicule, 65, 170; amphidisc, HQ 
Spiders, 173; claj^sifiod, 273; egg case of, 

198, 2QQ 

Spinal cord, 114, 116, 120, 141, lOL 
210. 225. 227, 228; function of, 102 



Spinal nerves, 229. 230; origin of, by two 

roots, 142i roots of, 229 
Spindle, 72, 73, 74, 76, 175; origin of, in 

mitosis, 2ii 
Spindle fibers, TZ^ 75] as protoplasmic 

threads, Z9 
Spines, L3a 
Spiracles, 121 

Spireme, 75, 77; close, 71; loose, 72 

Spleen, 12Q 

Splint bones, 327, 328 

Sponges, 94, 169, 170] birth stages in, 202: 

budding in, 168; classified, 272; 

hermaphroditism in, 190 
Spontaneous generation, 165, 106; modern 

idea of, 167-1 OH 
Spore formation, in gregarines, 128 
Sporocyst, 1^ 183 
Sporophyte, 253 
Sporosac, of Hydractinia, 92 
Sporozoa, 172, 176^ 180] classified, ^ 

221 

Sporozoites, 172. 177. 128 
Sporulation, 172. IM 
Spotted sandpiper, birth stage in, 203 
Spruce grouse, range of, 292 
Squali, classified, 270 
Squamata, classified, 221 
Squamous epithelium, 109, HQ 
Squids, 123 

Starch, digestion of, 143, 144, 145, 14fi 
Starfish, 100, 172, 187] birth stage in, 

202; classified, 272; fertilization in, 

192; parental care in, 198 
Statoblasts, 171; of CriatateUa nrncedo, 

m 

Stauromedusffi, classified, 269 
Steapsin, 145 
Stearic acid. 52 
Stegocopliali, 321 
Stegodon, 320, 321, 322 
Stegosaurus, 332, 334 
Stentor, 31, 66, GS, 85] regeneration in, 
ti2 

Sternum, 135 
Stimuli, 

Stolon, 103, 129 
Stolonifera, classified, 269 
Stomach, 95, 117, 120, 225, 228j diges- 
tion in, IM 
Stomatopoda, classified, 220 
Strain sensation, 163 
Stratified epithelium, HQ 
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Stratum comcum, 110 

StrcaniinK, of protoplasm, 60, 01 

Struptoneura, classified, 

Striated muscle, 112; minute atructurc, 

in fossils, ai2 
Structural formulas, 39 
Structure of heart, 12:^-12ri 
Struggle for existence, 22, 341, 359, 

mi 

Struthioniformes, classified, 221 

Stylonychia, 62. aJ. 107. 112 

Ulylonijchia mytiiiui, 171 

Subclass, in taxonomy, 263. 2(\4 

Sul>esophageal ganglion, 140 

Subfamily, forruution of names of, 265; 
in taxonomy, 2tia 

Subgenus, in taxonomy, 263, 2M 

Sub-intestinal vessel, of earthworm, US 

Sub-neural vessel, of earthwornj, 1 19 

Suborder, in taxonomy, 263, 201 

Subphylum, in taxonomy, 263. 2M. 

Subspecies, in taxonomy, 263. 2M 

Surre.ssion of associations, 287 

Succus entericua, 146 

Suctoria, clasaified, 2ii8 

Suctorial disks an adaptation, 2Zfi 

Sugar, absorption of, 144; digestion of, 
in mouth, 143; digestion of, in small 
intestine, 146. (See also Glucose, 
Maltose, etc.) 

Sulphates, excretion of, 15Q 

Supraebophageal ganglion, 140; of earth- 
worm, 119 

Surface phenomena, 37j 4fi 

Surface tension, 33, 40, 62 

Survival, 345; of the fittest, 8 

Sustentative tissues, 108. 112 

Sutures, 331 ; of cephalopods, 22Q 

Swale-fly, 232 

Swammerdam, 14 

Swamp wallaby, black, pouch in, 202 
Sweat glands, excretion in, 150, Ihl 
Syliig ramosa, lOL IM 
Symbiosis, 276, 277, 2Za 
Symbiotes, 2Za 

Symmetry', 105; bilateral, 105; locomo- 
tion and, 107; radial, 105, 106; 
universal, IDii 

Sympathetic nervous sytem, 141 ; func- 
tions of, lfi3 

Sympheidole, range of, 200 

Symphyla, classified, 270 

Synapse, Hil 



Synapta, 217i 219, 220^ gastrulation in, 

221; larva of, 204 
Syncytium, 113 

Synthesis of absorbed substances, 147. 

(See also Digestion.) 
Synura, 8Z 

Syrphid flies, mimicry, 28Q 

System, 95, 114; alimentary, 96] cir- 
culatory, 114; digestive, 114; excn^ 
t<»ry, 114, 125-127; genital, 127-i;tf); 
locomotor, 114, 133; lymphatic. 12"); 
nervous, 114, 13'J, 1 40 ; protonephrid- 
ial, 125; respiratory, 114; sexual, 
114; sympathetic nervous, lAl 

Systema Nature (Liiuia?U8), 17, 261, 265 

Systematic zoi^logist, 5 

Systematic zodlogy (see Taxonomy) 

Systc'mic circulation, 124, 123 

Systems, interrelations of, 1 14; named, 

m 

Tadorna, sperm of, 21fi 
Tadpole, 203, 204. 232 
Tania crtimiaMi.H, I2A 
Tail of sperm, 210 
Tanaidacea, classified, 2ZQ 
Tannin, 5fl 

Tap<?worm, 184; classified, 272 ; figure of, 

102; a parasite, 2ZS 
Tapirs, range of, 2M 
Tarsals, l.iH, 139, 
Taste, IM 

Taste buds, sensory cells of, IM 

Taxonomy, 5, 6, 260-274; analogy in, 
266; conception of, 260; detiiiition 
of, 260] ditficulties of, 267; ecology in, 
267; evolution in, 266; experimental 
breeding, 267; fossil records, 207, 
268; geographical distribution and, 
267. 268; homology in. 266; methods 
of, 267; morphology in, 268: physio- 
log>' in, 268i relations of, 2fiti 

Teeth, 117; adaptations of, 276; in camel 
Heri*», 329; in elephants, cvoiution 
in number, 320; of elephant series, 
322. 323; evolution of, in horse 
series, 324, 326; milk, 323; number 
of, in elephant, 323; permanent, 323 : 
size of, in elephants, 320 

Teleostei, classified, 22Q 

Tcl«H)Htomi, classified, 270, '27 'A 

Telolecithal egg, 214, 215, 220; blastula 
from, 219j cleavage in, 218, 21fl 
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Tclolecithal embryos, 223; gostrulation 

in, 221; of lamprey, 222 
Telophases, 75, 26 
Telosporidia, classified, 2iiii 
Temperature, an environmental factor, 

283: in environmente, 294^ 305 
Tendo-Achilles, \M 
Tendons, 27j il 

Tentacles, 97, 103, 106, 116, 169] of 
Bryozoa, 100; of niphonophore, flfl 

Terrestrial animals, 283; adaptations of, 
275. 2Zli 

Tertiar>', geography of, 318; in time 

scale, 315 
Test, 103 

Testis, 120, 1^ 129, 23fi 
Test process, 109 
Testudinata, classified, 271 
Testudiuid®, range of, 2flQ 
Tetrabranchia, classified, 269 
Tetrabranchiate Cephalopoda, 330. 3^ 
Tetrad, 211, 212, 253 
Tetraxonida, classified, 269 
Thales, 8 

Thaliacea, classified, 2ID 

Thamnophis sauritus, range of, 298. 299 

ThamnophU aaurilns proximiui, range of, 

296. 299 

Thamnophis aauritus aackeni^ range of, 

297. 299 
Thermotropism, 2^ 
Thigmotaxis, 285 
Thigmntrnpism. 'iRft 

Tliird inter-glacial stage, 336 

Thoracic region of vertebral column, 136 

Three-chambered heart, 125 

Three-toed woodpecker, range of, 292 

Thrirozoa, 263 

Thhps, 181 

Throat, 63 

Thymus, 154, 226 

Thyroid gland, secretion of, 151 

Thysanoptera, 181 : classified, 22Q 

Tibia, 134. 138. 139 

Tibiale, m 

Tinged eye c^lor in Drosophila, 344. 361 
Tissues, 93, 95i contractile, 108, 112; epi- 
thelial, 108; growth of, influenced by 
secretions, 154; nervous, 108, 114; 
sustentative, 108, 112; types of, UQS 
Toads, birth stages in, 203 ; classified, 274; 
disposition of eggs, 198; fat body of, 
112 



Toluol, ISZ 

Tongue, 117, 120, 228 

Tonsils, 22ti 

Tooth pattern, indication of age in horses, 

Trachea, 63, 121, 123, 228, 229j in res- 
piration, 148 

Trachelocerca, 31 

Trachymedusffi, classified, 209 

Tracks, fossil, ai3 

Tradescantia, 01 

Transverse processes, 136 

Tree frogs, habitat of. 281 

Trematoda, claaaificd, 209, 272 

Trematodes, 184, IM 

Triassic, 331, 332j in time scale, ai5 

Triceratops, 332, 331 

Trichoptera, classified, 22Q 

Tricladida, classified, 209 

Triclad turbellarian, figure of, 118 

Trilophodon, 319, 321^ 322 

Tripalmitin, 52 

True solutions, Ifi 

Truncate v^ing in Drosophila, 345 

Trypsin, 56. 145, 146 

Trypsinogen, 145. 146 

Tryptic enzymes, 50 

Tubular glands, 111 

Tubulidentata, classified, 2Z1 

Tunicata, 100, 191; classified, 270, 223 

Tunicates, classified, 273; hermaphrodi- 
tism in, 19Q 

Turbcllaria, 172i classified, 269, 272; 
nervous system of, 139 

Turbellarians, 184 

Turkestan, 329 

Turtles, aquatic, disposition of eggs, 198; 

classified, 274; range of, 29Q 
Tusks, in elephant, 320; of Mastodon, 

322; of TrUophodon, 32L 322 
T\'mpanum, 22Z 
TVndall, John, 102 
Type, in classification, 205 
Types of tissues, 1118 
Types of vertebrae, figure of, 132 
Typhlosolc, 112 

Ulna, 138, 139 
IHnare, 138 

Ultra-microscope, 36, 41 

Umbilical cord, 195; in mammal, UHi; 

in shark, 190, 192 
Unguiculata, classified, 271 
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Ungulata, classified, 271 
UngulateS; 353; absence from Australia, 
3M 

Uniformitarianism, 34Q 
Unio, TL (See also Clams.) 
Unisexual reproduction, LSI 
Unit characters, 252 
Universal symmetry, IDfi 
Urea, 147, IM; elimination of, lfi2 
Ureter, 120. 127. 130. 152 
Urethra, 127i 132 

Urinar>' bladder, 120, 127; muscles of, 15fi 

Urine elimination, 152 

Uriniferous tubules, 126, 127, 152 

Urinogcnital system, 130; of female frog, 
130, 131; in female mammal with 
bicomuate utenis, figure of, 133; in 
li»ard, 195i of male frog, 131^ 132: 
in mammals, 131-133 

Uroglena, 82 

Use, in evolution, 35d 

Use and disuse, 21 ; in evolution, 259 

Uterus, 120, 130] form of, 132, 195] in a 
mammal, lii^ 

Vacuole, 32, 33, 66; contractile, 33, 59; 

food, 33; pulsating, 33 
Vagina, 129. 130. 132 
Vagus nerve, lfi3 

Variation, 23, 239, 25()j fluctuating, 344; 

in mitosis, 7ft-7S 
Variety, in classification, 2M 
Vasa defercntia, 133; of earthworm, 

liii 

Vasa efferentia, 120. 129, liil 

Vas deferens, 128, 129] opening of, 128 

Vegetation," in environments, 292. 293, 

294. 305 
Vegetative pole, 213, 215 
Veins, 1 23 ; muscles of, IHi 
Venous blood, oxygen in, lid 
Ventral, 105 
Ventral horn, 142 

Ventral nerve cord, of earthworm, llfl 
Ventral root, of spinal nerve, 229 
Ventricle, 124; of heart, 12Q 
Vermilion eye color in Drosophila, 344 
3fil 

Vertebra, 13fi 

Vertebral column, 135; parts of, 13fi 
Vertebrata, classified, 270, 223 
Vertebrates, classified, 273: digestive 
• systems in, 117-120; hermaphrodi- 



tism in, 190; organogeny of, 223=23^; 

origin of germ cells in, 209, 210; 

oviparous and viviparous, 198: parts 

fossilized, 311 : skeleton of, 135 
Vertebrate skeleton, figure of, showing 

regions, 135 
Vertebrate type, 12 
Vosalius, Andreas, 10, 11, 15 
Vesicle, seminal, 128 

Vesicula seminalis, 120. 128; base of, 128 
Vestigial wing in Dmsophila, 245 
Vibracidaria, 100, 101 
Vicq d' Azyr, 12 

Vicuna, 229. (See also Auchenia.) 

Vitamincs, 53 

Vitelline duct, 13Q 

Vitelline gland, 129; duct of, 129 

Vitelline reser\'oir, 129 

Viviparity, blood supply in, 196; defined, 

195, 1945; dominant where, 205; in 
Hydra, 195; in insects, 195; in in- 
vertebrates, 198; in jellyfishes, 195; 
locus and nutrition of embryo in, 

196, 197; parental care in, 201 ; in 
plant lice, 195; relation to place of 
fertilisation, 198j in shark, 196, 197; 
true viviparity, 195, 197; in verte- 
brates, 198 

Vocal cords, 1^ 
Voluntary' motions, 162, IfiS 
Volvocales, 82 

Volvox, 87, 90, 9L 93, 106, 176; proto- 
plasmic strands in, 34] reproduction 
of, 19Q 

Volvox aureus, 9Q 

VohH>x perglobator, 90 

Volvox rousselettii, 90 

Von Mohl, Hugo, 2fi 

Vorticella, 65, 85, 87, 171, 180; reproduc- 
tion of, 190; stalk of, Lhlx 

Vorticellida?, 92 

de Vries, Hugo, 344 

Wading birds, birth stages in, 201 
Wales, ancient men of, 33fi 
Wall, 42 

Wallace, Alfred Russel, 342 
Walnut comb, 3fi2 
Warmth, lfi2 

Wasps, 181 : mimicry in, 2SD 

WaU'r, brackish. 316; course of, through 

mouth, pharynx and gill slits, 227; 

depth of, an environmental factor, 
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283; excretion of, 150. 151 ; in photo- 

synthcais, 49^ in respiration, 5S 
Water birds, range of, 292 
Wax, glandular accretion, IM 
West Indies, submergence of, 318; union 

vvith mainland, 318 
Wheat, fertilization in, 18fi 
Wliite eye in DroHophila, 34S 
Wicliita-Clear Fork beds, 313 
Woodpecker, red-headed, range of, 2D2: 

three- toed, range of, 292 
Workers (bees), l&l 

Worms, classified, 272; fertilization in, 
191, 194; hermaphroditism in, 190; 
marine, birth stages, 202; parasitic 
(e»ee Parasitic worms) 

Wren, Carolina, range of, 292 

Xanthophyll, 49 
X-body in Sagitta, 202 
Xenophanca, 8 
XiphoBura, classified, 270 



Yellow-breasted chat, range of, 292 
Yolk, 214, •nil 

Young, care of (see Parental care) ; devel- 
opment at birth (see Birth stages); 
methods of bearing, 194. 195. 196. 
l'.>7, 198; no evolutionary sequence 
in care of, liiS 

Yucca (see Fronuba yuccawUa) 

Zoantharia, classified, 2fifi 
Zoanthidea, classified, 2fi9 
Zoogeography, 4^ 6^ 289-309; factors of, 

299; facts of, 289] methods of, 308; 

relation to ecology, 288, 209 
Zoological sciences, 6^ 12 
Zodlogy, applications of, 24; definition 

of," 1 

Zoonomia (Erasmus Darwin), 20 
Zodtlmmnium, 8Z 
Zygapophyscs, 13Q 
Zygospore, 176 
Zygote, 174i 125 
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